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PKEFACE TO THE FOURTH EDITION. 

In preparing this wholly revised and almost entirely 
rewritten Edition of the Lectures on Spectrum Analysis 
no ejffort has been spared to give a popular and concise 
account of the most important discoveries in this 
branch of science which have been made since the 
year 1873. Care has been taken, in so doing, to 
select such portions of this wide subject as have 
already been worked out with approximate complete- 
ness. Many questions of rising interest have thus 
necessarily been omitted as not lending themselves 
in the present state of our knowledge, to popular 
treatment. Even whilst these pages have passed 
through the press several new discoveries have been 
made. Of these the outbreak of the new star in 
Andromeda, and the researches of Crookes, Lecoq 
de Boisbaudran, and Von Welsbach on the spectra 
of the rare metals Didymium and Samarium are 
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perhaps the most important. For information on 

these, the reader may consult the original memoirs, 

references to which are found at the end of the 

index. 

H. E. RoscoK. 
Arthur Schuster. 

MANCHfidTEH, November, 1885. 



PREFACE TO THE FIRST EDITION. 

In publishing the following Lectures I have endeavoured 

to preserve the elementary character which they naturally 

assumed in delivery, thinking it best to give further 

detail in a series of Appendices. If the book thus 

assumes less of the character of a complete treatise 

than might be desirable, it gains in value for the 

general reader, inasmuch as the science of Spectrum 

Analysis is at present in such a rapid state of growth 

that nmch of the subject is incomplete, and, therefore, 

necessarily unsuited to the public at large. I hope, 

however, that the addition of many extracts from the 

most important Memoirs on the subject may prove 

interesting to all, as it will certainly be useful to those 
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specially engaged in scientific inquiry, as indicating 
the habits of exact research and accurate observation, 
by which alone such striking results have been attained. 
For the permission to reproduce exact copies of Kirch- 

o 

hoffs. Angstrom's, and Huggins' maps, together with 
the Tables of the positions of the dark solar and bright 
metallic lines, I have to thank the above-named gentle- 
men. These maps will render the work valuable to the 
student for reference, whilst the chromolithographic 
plates of the spectra of the metals of the alkalis 
and alkaline earths, and of the spectra of the stars, 
nebulae, and non-metallic elements, serve to give some 
idea of the peculiar beauty of the real phenomena thus 
represented. 

Since last summer, when these Lectures were de- 
livered, our knowledge of the constitution of the sun 
especially has made giant strides ; and although I 
have been unable to introduce these newest facts 
into the text of the Lectures, I have still brought 
forward the most important of these discoveries in 
the Appendices to Lecture V. 

As the latest news on this subject, I may mention 
the arrangement contrived by Mr. Huggins, by which 
the wonderful changes of the red solar prominences 
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can all be viewed at once ; changes so enormously 
rapid that Mr, Lockyer has observed one of these red 

solar flames, 27,000 miles in length, disappear altogether 

in less than ten minutes. Mr. Lockyer has also 

succeeded in seeing in the flames the red (c) line of 

hydrogen, as well as the line in the violet, which 

he finds corresponds to the line marked 2796 on 

Kirchhoffs map, and not, as was supposed, identical 

with Fraunhofer's line o. 

H. £. K. 

Manchester, April, 1869. 



'1 J* 



CONTENTS. 



LECTURE L 

PAGE 

Intrcxluction,— Newton's Discovery of the Composition of White 
Light, 1675.~Propertie9 of Sun Light as regards Heating Power, 
Luminosity, and capability of producing Chemical Action.— The 
Solar Radiations. — Prismatic and Diffracticm Spectra. — Position of 
Maxima. — Illustrations of these Radiations. — Means of obtaining 
a Pure Spectrum. — Fraunhofer*s Lines. — Planet and Moon Light — 
Star Light 1 

Appendix A.— Extracts from " Newton's Opticks " 40 

Appendix B.— Burning Magnesium Wire, a Source of Light for photo- 
graphic purposes 50 

Appendix C— On the Chemical Action of the constituent parts of 

Solar Light 52 

Appendix D. — Description of a Chemical Actinometer 58 



LECTURE II. 

Continuous Spectrum of Incandescent Solids. — Effect of Increase of 
Heat — Broken Spectrum of glowing Gas. — Application to Chemical 
Analysis. — Spectra of the Elementary Bcxlies. — ConHtmction of 
Spectroscopes. ~ Means of obtaining Substances in the state of 
glowing Gas. — Examination of the Spectra of Coloured Flames. — 
Mapping Spectra, according to Bunson. — Delicacy of the Spectrum 
Analytical Method and its application to Physiological Research. — 
Spectra of the Metals of the Alkalis and Alkaline Earths. — 
Historical Sketch. — Discovery of New Elements by means of 
Spectrum Analysis. — Caesium, Rubidium, Thallium, Indium, 
Gallium 63 

Appendix A. — Description of the Spectrum Reactions of the Salts 
of the Alkalis and Alkaline Earths 94 

Appendix B. — Bunsen and Kirchhoff on the Mode of Using a Spectro- 
scope 103 

Appendix C. — Bunsen on a Method of mapping Spectra 106 

Appendix D.— Spectrum Reactions of the Rubidium and Caesium 
Compounds 109 



X CONTENTS. 

LECTURE III. 

VAOK 

Spectra of the Heavy Metals. — Examination of tlie Light of the 
Electric Discharge. — Faraday. — Wheatstone. — Volatilization of 
Metals in the Electric Arc — Kirchhoff, Angstrom, Thal^n, and 
Huggins. — Stokes's Ultra-violet Rays. — Spectra of the Non-metallic 
Elements. — Line Spectra and Spectra of Fluted Rands. — Connec- 
tion between these Spectra and the Molecular Constitution of the 
Elements. — Lockyer's Method of Examining the Spectra. — Long 
and Short Lines. — Widening of the Lines. — Spectra of Compound 
Bodies. — Conclusion 113 

Appendix A. — Contributions towards the History of Spectrum Analysis. 
ByG. Kirchhoff 140 

Appendix B. — On the Effect of Increased Temperature upon the 
nature of the light emitted by the vapour of certain Metals or 
Metallic Compounds. By H. E. Roscoe and R. B. Clifton (1862). 
Kirchhoff on the Variation of the Spectra of certain Elements 
(1862) 148 

Appendix C— On Changes in the Spectrum of Oxygen. By Professor 
Arthur Schuster, F.R.S \ 152 

Appendix D. — On the Influence of Temperature and Pressure on the 
Spectra of Gases ; being an abstract of a Report presented to the 
British Association in 1880 by Professor Schuster, F.R.S. .... 154 

Appendix E. — On the Genesis of Spectra. Abstract of a Report 
drawn up by Professor Schuster for the British Association in 
1882 169 



LECTURE IV. 

Selective Absorption. — Coloured Vapours. — Atmospheric Absorption. 
Iodine. — Bromine. — Chloride of Iodine. — Nitrous Fumes. — Metallic 
Vapours. — Liquids and Coloured Solutions. — Blood Bands. — 
Chlorophyll. — Connection between Absorption Spectra and 
Chemical Constitution. — Selective Absorption by Solid Bodies. — 
Didymium Salts. — Applications of Spectrum Analysis. — Blood 
Poisoning. — Colouring Matters.— Spectrum of the Bessemer Flame. 
— Fluorescence and Phosphorescence. — Construction of High Power 
Spectroscopes.— Arrangement for Diffraction-Spectra 183 

Appendix A. — On the Spectrum of the Bessemer Flame 215 

Appendix B. — Spectroscopic Measurements and Appliances .... 222 
Appendix C. — On the Spectra of Erbium and Didymium, and their 
Compounds 227 



CONTENTS, xi 

LECTURE V. 

I'AUK 

Foundation of Solar and Stellar Chemistry. — Examination of the 
Solar Spectrum. — Fraunhofer, 1814. — Kirchhoflf, 1861. — Coin- 
cidence of Dark Solar Lines with Bright Metallic Lines. — Reversal 
of the Bright Sodium Lines. — KirchhoflTs Explanation. — Con- 
stituents of the Solar Atmosphere. — Lockyer and Jansaen's Re- 
searches. — Phenomena observed during Total Eclipses. — Constitu- 
tion of the Red Solar Prominences ; their gaseous Nature. — The 
Chromosphere. — Physical Constitution of the Sun. — The Corona. — 
Sun-spots and Faculas 229 

Appendix A. — Professor Balfour Stewart on the Equality of Radiation 

and Absorption 265 

Appendix B. — On Maps of the Solar Spectrum ; . 272 

Appendix C. — On Lockyer and Janssen's Discovery 274 

Appendix D. — Results of Recent Solar Eclipse Observations .... 281 
Appendix E. — Professor C. A. Young's Investigations on Chromospheric 

Lines 283 

Appendix F. — Professor S. P. Langley on Sun Light and the Earth's 
Atmosphere 291 

LECTURE VI. 

Planet- and Moon-Light. — Planetary Spectra. — Stellar Chemistry. — 
Huggins and Miller. — Spectra of the Fixed Stars. — Difficulties of 
Observation. — Methods employed. — Variable Stars. — Double Stars. 
— ^Temporary Bright Stars. — Photographs of Star Spectra. — Nebulse 
— Comets. — Motion of the Stars (Huggins). — Determinations of 
Velocity of Solar Storms (Lockyer) 305 

Appendix A. — Extract from a Memoir " On the Spectra of some of 
the Fixed Stars " 338 

Appkndix B. — On the Spectrum of Mars, with some Remarks on the 
Colour of that Planet 347 

Appendix C. — On the Occurrence of Bright Lines in Stellar Spectra, 
and on the Spectra of Variable Stars 352 

Appendix D. — Further Observations on the Spectra of some of the 
Stars and Nebulse, with an attempt to determine therefrom whether 
these bodies are moving towards or from the Earth, also Observations 
on the Spectra of the Sun and of Comet II. 1 868 353 

Appendix E. — On the Spectra of the Great Nebula in Orion, and on 
the motions of some Stars towards or from the Earth 392 

Appendix F. — Photographic Spectra of Comets and Nebulae .... 411 

Appendix Q. — On the Spectra of Lightning 420 

INDEX 427 



LIST OF ILLUSTRATIONS. 

1. — Facsimile of Diagram in Newton's "Opticks" 2 

2.— Ditto 4 

3.— -Ditto 6 

4. — Coloured Rotating Disc 6 

5. — Diagram illustrating the Diffraction of Light 11 

6.~Ditto 13 

7. — ^Diagram illustrating the appearance of Decomposed Solar Light 16 

8.— Ditto 16 

9. — Diagram illustrating the difference between Prism and Grating 

Spectrum 18 

10. — Diagram giving the Distribution of Heat as shown by the 

Prism, with the maximum effect in the Infra-Red 20 

11. — Ditto, ditto, reduced to the wave-length scale, with the maximum 

in the Yellow 21 

12. — ^Tyndall's Experiments on Calorescence 23 

13. — Explosion of Chlorine and Hydrogen by Magnesium Light . . 25 

14. — Chemical Action of Blue Rays shown 26 

15. — Curve of Chemically Active Light in Solar Spectrum .... 28 

16. — Experiment of Photography in the Blue Rays 29 

17.— Ditto ' 30 

18.— Curves of Chemical Intensity of Total Daylight for Kew, 1866 33 

19 & 20.— Ditto, for Para, April, 1866 34 

21. — ^Facsimile of Fraunhofer's Map (1814) of the Dark Lines in the 

Solar Spectrum 37 

22. — ^Repetition of Newton's Diagrams 45 

2a— Ditto 47 

24.— Ditto 49 

25. — Diagram of Roscoe's Actinometer as modified by Mr. Darwin 60 

26.— Ditto 61 

27. — ^Arrangement of Electric Lamp, Prism, and Screen 66 

28. — Arrangement of Lamp, Lens, and Prisms 67 

29. — Bunsen's Flame coloured by Alkaline Salt 68 

30. — Bunsen's Old Form of Spectroscope 72 

31. — SteinheiPs Improved Form of Spectroscope 72 

32. — ^Anangement of Slit of Spectroscope 73 



nir LIST OF ILL CST RATIOS 8. 

^^ PAGE 

32a.— Arrangement of Slit of Spectioecope for Two Fbunes ... 73 

33.— Kirchhoffa Delicate Spectroscope 74 

34. — Ban«en'f Hap of the Spectra of the Alkalis and Alkaline Earths 77 

35.— Repetition of Steinheil's Form of Spectroscope and Slit . . . 103 

36. — Arrangement of Slit of Spectroscope 104 

37.— Rejjetition of Buni^en's Maps of the Spectra 107 

38.— Wheatirtone's Metallic Lines 116 

39. — Large Spectroscope with Nine Prisms 117 

40. — Arrangement fcir obtaining Spectra of the Heavy Metals ... 119 

41. — Electric Spark in different Gases 124 

42.— Geissler's Tubes, experimental form 125 

43. — Photograph of the Discharge in Vacuum Tubes 126 

44.— Ditto 126 

45. — Boifibaudran's Spectrum of Nitrogen 129 

46. -Ditto, of Carbon 130 

47. — Lockyer's Photograph of the Ultra- Violet Bands in the Carbon 

Spectnmi 131 

48. — Band Spectrum of Oxygen at Negative Pole 132 

49.— Spectrum of Lithium and Strontium seen with intense Spark . 132 
60. — Arrangement adopted by Lockyer in his Spectroscopic 

Investigations 133 

51. — A group of Zinc Lines examined by Lockyer's method .... 134 

52. — Si)ectrum of the Strontium in Electric Arc 137 

53. — Spectra of the Chloride, Bromide, and Iodide of Barium ... 180 

54. — Selective Absorption by Iodine Vapour and by Nitrous Fumes 184 
55.— Distribution of Atmospheric Lines as Mapped by Brewster and 

Gladstone 185 

56. — JanRsen*s Map of the Solar Spectrum from c to D 186 

57. — Chromium Absorption Spectrum 190 

58. — Potassium Permanganate Absorption Spectrum 190 

50. — Diagram of some of the more interesting Absorption Spectra . 191 

00.— Ditto 192 

01.— Stokes's Blood Bands 193 

02. — Browning's Micro-Spectroscope 195 

03. — Section of the Micro- Spectroscope . . 196 

04. — Arrangement for Bessemer Steel-making 199 

65.— Repetition of Maps of Bessemer Spectrum 203 

66. — Comparison of Bessemer Spectrum with that of Manganese Oxide 204 

07. — l^'cquerel's Phosphoroscope 207 

f,ft, — S|)ectra of Phosphorescent Bodies 208 

09.— Koi>ctition of Large Spectroscope with Nine Prisms 200 

70,— Section of Large Spectroscope 210 

71.— Repetition of KirchhofTs Spectroscope 211 

72.— Diagram of a Diffraction Grating fitted for observation ... 213 



.1 

i 



LIST OF ILLUSTBJTIOyS. xv 

fUl. PAO« 

73. — Repetition of Map of Bessemer Spectrum 217 

74. — Repetition of Fraunhofer's Map 230 

75._Ultra- Violet Rays, from Pbotofjraph 232 

76. — Sijectrum of Burning Sodium compared with that of the Soda 

Flame 235 

77 . — Experiment showing Production of the Black Sodium Absorption 

Flame 236 

78. — Bunsen's Apparatus for obtaining a Constant Black Sodium 

Flame 237 

79. — Coincidence of some of the Bright Lines of Iron with some of 

Fraunhofer's Lines 241 

80. — Diagram of Sun-spot on the Slit of a Spectroscope 247 

81. — Spectrum of a Sun-spot as observed at Greenwich 248 

82. — Appearance of Red Solar Prominences in the Total Eclipse of 

1860 249 

83.— Ditto 249 

84. — Eclipse of 1869 observed in America 250 

85. — Lockyer's Drawings of Bright Lines in Solar Chromosphere . 253 

86. — Forms of the Red Solar Prominences (Zollner) 255 

87.— Ditto 256 

88.— Ditto 256 

89.— Ditto 256 

90.— Ditto 256 

91. — Drawing of the Corona during the^Total Eclipse of the Sun of 

1870 258 

92. — Solar Corona seen during a Sun-spot Minimum, 1878 .... 259 
93. — Drawing of an intennediate state of the Corona between 

Maximum and Minimum, 1871 260 

94. — Portion of Solar Spectrum surrounding the principal Coronal 

Line when seen with great dispersion 262 

95. — Young's Drawing of the Solar Spectrum near /; 202 

96. — Photograph of Spectrum of the Corona 263 

97. — Distribution of Energj' in the Solar Spectrum at Sea Level and 

at various Altitudes 299 

98. — Absorption Spectrum of Uranus 307 

99. — Muggins's Star-Spectroscope 309 

100. — Maps of the Lines in Aldebaran and a Ononis 311 

101. — Photograph of Different Star Spectra, showing chiefly the 

Hydrogen Lines 316 

102. — Comparison of Nebular Spectrum with the Bright Lines of 

known substances 318 

103. —Nebula in Aquarius 319 

104.— Nebula 18H IV 319 

105. — Nebula in Andromeda 320 



X vi LIST OF ILL USTRA TIONS. 

106. — Comparison of Nebular Spectrum with the Bright Lines of 

known substances 321 

lOT.—NebuIa in the Sword-handle of Orion 323 

108.— Photograph of the Spectrum of this Nebula 323 

109.— Comparison of Cometary and Nebular Spectra with those of 

Carbon and other known substances 326 

110.— Comet 11. 1868 326 

111.— Apparatus for ascertaining the presence of Carbon in the 

Comet 327 

112.— Photograph of the Comet Spectrum between the Lines P and « 328 

113._Spectrum of Comet IL 1881 328 

114. — Spectrum (p Line) of Sinus compared with the Spectra of 

Hydrogen and the Sun 330 

1 15.— Deviation of the p Line in a Spot-Spectrum (Lockyer) .... 333 

116. — Shifting of the F Line in the Chromosphere 334 

117.— Diagram of Two Red Lines displaced towards the Violet in the 

neighbourhood of a Sun-spot 335 

118.— An improved Spectroscope with Three Prisms 358 

119. — Apparatus for ascertaining the Presence of Carbon 'in the 

Comet 384 



PLATES. 

PAOF. 

Total Solar Eclipse. Egypt, 1882 Frontispiece. 

Cliromo-lithograph of the Spectra of the Metals of the Alkalis and 
Alkaline Earths, from the Drawings of Bunsen and Kirchhoff. 

facing 63 

Forms of Eruptions and Cloud-like Prominences as observed and drawn 

by Professor Zollner . . . • facing 256 

Appearance of the Corc^na of the Sun as photographed a few weeks 

before the Total Eclipse of 1883 • . . . . facing 265 

A Diagrammatic Drawing of Ditto, from a Photograph taken at 
Caroline Island, one of the South Sea Islands, by Messrs. Lawrance 
and Woods facing 265 

Chromo-lithograph of the Spectra of the Stars and Nebula; compared 
with the Solar Spectrum and the Spectra of some of the Non- 
Metallic Elements facing 305 



ON SPECTRUM ANALYSIS. 



LECTURE I. 

Introduction. — Newton's Discovery of the Composition of Wliite Light, 
1675.— Properties of Sun Light as regards Heating Power, Luminosity, 
and capability of producing Chemical Action. — Tlie Sohir Radiations. 
— Prismatic and Diffraction Spectra. — Position of Maxima. — Illustra- 
tions of these Radiations. — Means of obtaining a Pure Spectrum. — 
Frannhofer's Lines. — Planet and Moon Light. — Star Light. 

Appendix A. — Extracts from " Newton's Opticks." 

Appendix B. — Burning Magnesium Wire a Source of Light for photo- 
graphic purposes. 

Appendix C. — On the Chemical Action of the coni>tituent parts of Solar 
Light. 

Appendix D. — Description of a Chemical Actinometer. 

Amongst all the discoveries of modern science none has 
deservedly attracted more attention, or called forth more general 
admiration, than the results of the application of Spectrum 
Analysis to chemistry. Nor is this to be wondered at when we 
remember that a new power has thus been placed in the hands 
of the chemist, enabling him to detect the presence of chemical 
substances with a degree of delicacy and accuracy hitherto 
unheard of, and thus to obtain a far more intimate knowledge of 
the composition of terrestrial n)atter than he formerly enjoyed. 
So valuable a means of research has this new process of 
analysis proved itself to be that since its first establishment, in 

B 
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1>$G0, no less tliau tive new cheiuical elements have by its help 
been discovereil. 

Nut only, however, have we to consider the importance and 
interest which attaches to the subject as evidenced by the 
discoverv of these new elementarv bodies, but we are forced to 
admit that by the application of the simple principles of spectrum 
analysis the chemist is able to overstep the narrow bounds of 
our planet, and, extending his intellectual powers into almost 
unlimited space, to determine, with as great a degree of 
certainty as a])pertain3 to any conclusion in physical science, the 
cljemical composition of the atmosphere of the sun and far 
distant fixed stars. Nay, he has even succeeded in penetratii\g 
into tlie nature of those mysteries of astronomy, the nebulae; 
and has ascertained not only the chemical composition, but 
likewise the physical condition, of these most distant bodies. 

It does, indeed, api>ear marvellous that we are now able to 
state with certainty, as the logical sequence of exact observations, 
that bodies common enough on this earth are present in the 
atmosphere of the sun, at a distance of ninety-three millions of 
miles, and still more extraor(linar\' that in the stars the existence 
of such mctiils as iron and sodium should be ascertained beyond 
a shadow of doubt. We thus see that the range of inquiry 
which the subject ojKnis out is indeed vast, and it is well to bear 
in mind that as the discoveries in this branch of science are so 
recent, tliey are necessarily incomplete, so that we must expect 
to meet with many facts and observations which still stand alone 
and recjuire further investigation to bring them into harmony 
with the rest. The advance in these new fields of research is, 
however, so rapid that, as time rolls on, and our range of 
knowledge widens, new facts quickly come to support the 
hitherto unexplained phenomena, and thus our theory becomes 
more and more complete. It will be my duty in the Lectures 
which I liave the honour of delivering in this Hall to endeavour 
to ox))lain to you that these results, apparently as marvellous as 
the discovery of tlie elixir vitju or the philosopher's stone, are 
the i)lain and nncessary deductions from exact and laborious 
exi)eriment, antl to show how two German philosophers, quietly 



LECT. I.] 



INTRODUCTION, 



working in their laboratories in Heidelberg, obtained this 
startling insight into the processes of creation. 

The only means of communication which we possess with the 
sun, planets, or far distant stars, or by which we can ascertain 
anything respecting their chemical constitution, is by means of 
the life-supporting radiation which they pour down upon the 
earth, producing the effects which we call light and heat. It 
will, therefore, be our business, in the first place, to investigate 
the composition of the radiations which these bodies give off, 
and next gradually to notice, as our field of observation enlarges^ 
the applications to which the properties of the light thus 
emitted lead us. One cannot help regretting that when, as at 
present, the sunlight is shining so brightly, we are unable to 
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utilize it, and illustrate by experiments made with the sunlight 
itself the points which we wish to explain. In this climate, 
however, even if we could conveniently do it, the sun shines so 
intermittently, and it is so doubtful if we can have it just when 
it is required, that we have to make use of other means, 
especially of this bright light of the electric arc, which, if less 
perfect than sunlight, is more under our control. 

In the year 1G75, Sir Isaac Newton presented to the Royal 
Society his memorable treatise on Optics.^ In this treatise, 
which contains a large number of experimental and theoretical 
investigations, one point especially attracts our attention : it is 
the discovery of the decomposition of white light. We have 
here (Fig. 1) a fac-simile of the drawing illustrating Newton's 

* For «xtmct8 fruiii *' Newtou's Opticks," see ApiMJUilix A. 

B 2 



SPECTRUM ANALYSIS. 



[lect. t. 



experiments on this subject. He heads the first paragraph in 
his memoir, written in the year 1675, with the words, "lights 
which differ in colour differ also in refrangibility." Newton 
allowed the sun to shine through a round hole (Fig. 1, f) in a 
shutter, and he then examined the character of this light by 
means of a triangular piece of gla8s (A B c) called a prism. He 
found that the white light, after passing through the prism, was 
bent or refracted out of its course, and split up into a coloured 
band (p T) which, when received on the white screen (m N), 
exhibited all tlie colours of the rainbow in regular succession, 
[Missing from red through all the shades of orange, yellow, green, 
indigo blue, to violet. Newton termed this coloured band the 
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Solar Spectrum, and came to the conclusion that the light of 
the sun consists of rays of different degrees of refrangibility. 
He also showed that all the various portions of this coloured 
band, wlien again brought together, produce upon the eye the 
effect of white light. This exyjerimcnt (represented in Fig. 2) 
Newton performed by simply all<:)wing the light passing through 
the round hole (f) in the shutter to fall on a prism (A B c), 
producing the solar spectnuii, and then on looking at this 
coloured band through another prism (a h c) placed in the same 
direction, instead of seeing a coloured band he observed a spot 
of white light, thus showing that the whole of these differently 
coloured rays, when brought together by means of the second 
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prism, produce on the eye the eflfect of white light. Here we 
have the intensely white electric light, and by means of these 
two prisms you observe that I can split the light up into its 
various constituent parts, and we obtain this splendid coloured 
band, the spectrum of the electric arc. . Now I shall endeavour 
to show you the second eflfect which Newton observed. For 
this purpose I have only to reverse the position of one of the 
prisms ; for if I allow this band of coloured light emitted from 
the first prism to pass through the second prism, placed in the 
opposite direction to the first, I shall again bring these coloured 
rays together, the second prism neutralizing altogether the 
effects of the first, and we obtain the bright white image of 
the slit. 




Fio. S. 



I should like next to show^ you a third part of the experiment 
made by Newton. If I cut oflF, by means of this screen, a 
portion of the spectnim which has passed through the first 
prism, say the yellow or the green or the red, you will see that 
another refiScSo^Iirough the second prism does not alter this 
coloured light. Here, for instance, I take the green, and bring 
my prism into a proper position : we shall find that I only get 
the same green light on the screen behind, proving that the 
green ray cannot again be split up by further refraction. The 
mode in which Newton performed this experiment is seen in 
Fig. 3. The green rays (j/) in the spectnim (d e), when refracted 
through a second prism (a b c), appear as a green band (N m) 
on the second screen. 

Now the reason why all these diflferent coloured lights, when 
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tlioy reach the eye, pntiluci- the effect of white light, ia a 
pliysiulogicnl questiuii which we cannot explain. We find that 
not only do nil the colours of the spectrum, when they are 
brought upin the cyu, prailucu the effect of white light, but 
tliat several mixtures of only a few out of oil these different 
colours have the same power of producing upon the eye the 
effect of white light 

Thus Hehiiholtz and Maxwell have shown that the following 
luixtnrca of two (.'oiiiplenientary colours when brought together 
into the eye pi-oiluco the efiect of whiteness: — Violet and greenish 




yellow ; indigo iiud yellow ; blue and orange ; greenish blue and 
r^^d. Tliis I may rendily illustrate to you by taking a revolving 
disc (Fig. i), ujMm which segments of varioiifs colours have been 
ptiintod. When 1 turn this disc — which you observe containn, 
to begin with, all the colours of the s])octvum in due proportion 
— and then, when it is revolving, exhibit it to you by the light 
of burning magnesium, you will notice that the etfcct produced 
upon the eyo is that of a uniformly white <lisc. Let me now 
substitute for this painted disc another one, which only contains 
the three colours, rod, yt'llow, and blue. You will still perceive 
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that when quickly revolved the disc appears white ; ood so I 
might substitute any of the above mixtures of colours, all of 
which produce on the eye the sensatioo of white light by the 
rapid succession of the images of the different colours, the effect 
of the one colour not having time to disappear from the retina 
before that of the other comes into play. If I illuniinate the 
rotating disc by means of an instantaneous electric spark, you 
win see that all the colours of the disc become noticeable at 
rince. This is bccauac the period of illumination is so exceedingly 
short that the disc appears as if stationary. It was indeed at 
one time supposed that the various shades of colour in the solar 
spectrum were produced by an overJapping, as it were, of three 
distinct coloured spectra, — one red, the second yellow, and the 
third a blue spootrum, — the maxima of which are 8ttuate<l 
different points, that of the red and blue at the extremes, and 
tliat of tlic yellow in the middle of the visible spectrum, Thii 
theory of Brewster's has, however, been proved to be fallacious, 
for Helmholtz has shown that the grceu ray, for example, is not 
made up of blue and yellow light superposed, and we cannot i 
separate anything else but green out of it. Hence we conclude I 
that each particular ray has its own peculiar colour, and that ' 
light of each degree of refrangibility is monochromatic. But, 
on the other hand, although physically, and in the actual 
spectrum, there is no such thing as a superposition, or overlapping 
of different spectra, yet it is likely that the retina is mainly , 
sensitive to three impressions, and these are probably red, green, ( 
and violet. 

In noticing the physical properties of the variously coloured 
light obtained when the sunlight or white light is decomposed 
into its constituent parts, we must remember, in the first place, 
that light is due to tlie undulations of the elastic medium 
pervading all space, to which physicists have given the nnmo of 
luminiferous eth er. As the undulations of the particles of water, 
can sing tne^aJBTof the sea, differ in length (as from crest to 
crest), and in amplitude (as measured by the extent of the 
vibration of each particle), sometimes being minute and shallow 
like the ripples on the surface of a pond, sometimes rising and 
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falling into the gigantic crests and valleys of the storm-ridden 
ocean, so also the undulations of the ether-producing light differ 
iu wave-length and amplitude, giving rise to the different effects 
of colour and intensity to which we have referred. 

Let us now compare the power of the ear and the eye, the 
one to receive the vibrations of the air called sound, and the 
other tlie vibrations of the ether termed light. 

Tlie human ear has the power of distinguishing variations in 
sounds differing widely in wave-length and in rapidity of vibra- 
tion. Thus, for instance, the musical note, the deepest in the 
bass of all tliosc that can be heard by the human ear, is pro- 
duced by the regular succession of impulses occurring about 
] () times in each second, whereas the highest continuous sound 
wliich is perceptible to the ear is caused by about 38,000 vibra- 
tions per second. Hence the range of audible notes extends 
over about 11 octaves. Let us next examine what is the range 
to which the eye is sensitive. It is found that we can observe, 
ordinarily, in the solar sijcctrum from the position indicated by 
a fixed dark line in the red portion termed A (see frontispiece 
of the Solar Spi^ctrum) to a line K in the violet or most refrang- 
ible portion of the visible spectrum. Now the difference in the 
number of vibrations from A to K is but slight ; it is indeed not 
one octiive. The length of the undulation of each of these 
waves is excessively small, whilst the number of the vibrations 
of the ether wiiich take place every second is enormously large. 
By certain methods of exact measurement, physicists have been 
enabled to det<;rmine with accuracy the length and the duration 
of these various waves of light; and they have come to the 
conclusion that the wave causing this red ray which is only just 
visible to the eye has a length of the TinnnAnnr*h part of an 
inch, or the TiTTiVinTiF^li part of a centimetre, and that in one 
second of time no less than 390 millions of millions of these 
vibrations occur — whereas near the line K at the extreme end of 
the \aolet, the length of a wave is the ttt AV?nn»th part of an inch 
or the TTiTFVinrfy*'!^ part of a centimeter, and the number of vibra- 
tions is 770 millions of millions per second. Hence the 
difference is only from 300 to 770, and you see that the rapidity 



LBCT. r.] mTSRFEREKCB OF LIGHT. 9 

of the vibration at the one point is not quite twice as great as 
it is at the other, and we are correct in stating that we can hear 
about 11 octaves, but that we see only about a single octave. 

So long oa the waves of light pass through interstellar space 
they all travel witii the same velocity, but when they pass 
through a substance like glass, the shorter waves are propagated 
more slowly, and it is due to this fact that Newton was enabled 
to separate the differently coloured rays by means of the prism. 
Even in our own atmosphere, waves of light travel at different 
speed according to their lengths, but the difference is very small, 
aud is generally neglected. Newton's method of separating the 
different rays of light is not the only one, and we must now 
discuss another one which has of late years received important 
applications in Spectrum Annlj-sis. If we throw two pebbles 
into a pool of water, not toi> far from oach otlier, and if we watch 
the waves, ns they spread from the two p>ints where the stones 
liave touched the water, we shall see that as the waves cross, at 
some places the crests of one train fall exactly over the crests of 
the other train of waves. At such places we shall have a wave 
of double height, or, as we say, of double amplitude. At other 
places the crests of one set of waves fall over the hollows of 
another, and here tlic two waves exactly counteract each other, 
A piece of cork if swimming over such a spot would neither rise 
nor fall. This visible action of the waves ujjon one another can 
be produced with the invisible waves of light, and two set.s of 
waves can be made to overlap in such a way as to prfnJtice 
darkness at some places and light of double amplitude at others. 
We then say that the waves have interfered, and the whole 
phenomenon is called the interference of light. There is 
another phcnomenou called the diffraction of light, ami to explain 
its nature we call to aid not the waves of water, but the waves 
of sound. Supposing we have a hole in a wall through which 
sound can freely enter, and supposing that the instrument which 
emits the sound is sufficiently far away to send the Sf)Und thrtjugh 
the hole in one definite direction only, then a person placed in 
the room would hear the sound wherever he stands, tiiua proving 
that the waves of sound which have entered the room in one 
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definite direction, namely, in tlie straight line joining the source 
of sound to the opening, do not after their passage through the 
hole pursue that straight line only, hut spread about in every 
direction, just as if the opening itself was the source of sound. 
This is the diffraction of sound. If now we make a similar ex* 
I)eriment with light, that is, if we admit light through a hole in 
a shutter, we shall obtain apparently an altogether different 
result, for the light does not seem to spread out as the sound 
did, but to pursue unint^^rruptedly its original direction. Thus 
at first sight there seems to be no diffraction of light, and this 
was found to be a great difficulty when the wave theory of light 
was first proix)sed. As a matter of fact, however, our two experi- 
ments, though apparently made in the same way, have differed 
in a very iniix)rtant point. The hole which admitted the sound 
was small compared to the length of a wave of sound, whilst 
the hole which admitted the light was very large compared to a 
wave-length of light. If we take care to make our experiments 
really comparable, that is to say, if we use a hole which shall 
! really be sufficiently small, we shall find that waves of light, 
n like waves of sound, can be diffracted. Light is also diffracted 
whenever a ray falls on to a sharj) edge of an opaque body. 
Two very simple exix>rimeiits illustrato this diffraction of light. 
Take a piece of glass, tliose who are in the habit of wearing 
sjKJctacles can conveniently make use of them, press your finger 
slightly on it and describe an approximately straight line. The 
glass will now present a striated a})pearance where the finger 
has passed over it, then bring it close to your eye and look 
at a candle, when rays of light will seem to diverge from the 
candle in a direction at right angles to that described on the 
glass by the finger. The iinger has here rendered some parts 
of the glass less transparent than others, and the light has been 
diffracted at the edge of the more transparent parts. The 
openings only having been made small in one direction, light 
has only been diffracted in one direction. Another and still 
simpler experiment is the following. Bring your two eyelids 
close together, so as only to admit the light through a narrow 
slit, then look at a bright surface such as the opal globe of 



LWT. L] 



DIFFRACTION OF LIGHT. 



11 



a lamp at night or a window in daytime. The light will now 
be diffracted at the eyehds, and streaks wilt be seen to come 
from the bright surface in a vertical direction. Thus a window 
will appear to be longer both at its upper and at its lower ends. 
Let us now see how the diffraction and interference of light 
can produce effects similar to those of a prism. I have here 
a diagram which I hope will make my explanation clear (Fig. 5). 
Let A, B, c, and D be four points at equal distances sending 




out light of the Bame wave-length, and let them vibrate in such 
a way that when a crest starts from A, a crest will also start 
from the other points. The points are then said to vibrate 
in the same phase. The waves will diverge from each point 
in all directions, but let us confine our attention to one 
direction only, and to fix that direction let us draw straight 
lines along it from the four points. Let us also draw from 
B, c, and D lines at right angles to that direction. Tbese lines 
■will, as nhnwn on the diagram, cut off certain lengthn from 
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the rays, namely CCp BB^, B^B^, AA^ A^A^, and A^A^. As the 
four points are at equal distances, these lengths will, by an 
elementary proposition of geometry, be all equal ; now suppose 
that these are just equal to the length of a wave of light, as 
a crest of a wave passes over A, another will pass over A,, another 
over Ao, and another over A3, as these points are exactly at the 
distances of the length of a wave. The same is true for B, B^, 
Bg, and c, Cy All these points will have the crests pass over 
them simultaneously. At the moment a crest then leaves D 
a crest will jmiss over Cj, B^, and A3, and these four points are 
on a straight line which is at riglit angles to the direction 
in wliich the wave is propagated. If now a lens is interposed 
which brings all the four rays together at one point F, then, 
by a law of optics, the times which the waves take to go from 
A3, Bo, Cj, and D, to F, will be the same, and as the waves were 
at the same phase at these four point^s, they will come 
together with the same phase, their crests will overlap, and 
tbe point F will be illuminated. But if we had supposed 
that the distance AAj and with it all the other distances pre- 
viously named were not equal to a wave-length, but only to half 
that length, we should have found that to a crest at A would 
correspond a hollow at A^, another crest at Ag, and another 
hollow at A3. It is in that case easily seen that when a crest 
will leave D a hollow will pass over Cj, a crest over Bg, and 
a hollow again over A3. When the four rays therefore reach 
F the ray from D and that from c will be in opposite phases and 
will destroy each other, and similarly the rays from A and from 
B will mutually destroy each other, and in this case there would 
be darkness at F. We see therefore that light or darkness 
at F depends on the question whether the perpendiculars from 
B, c, and 1) on to the direction of the rays, cut off portions equal 
to that of a wave-length or to that of half a wave-length. How 
this depends on the direction of the rays will be better seen 
by the inspection of this other diagram (Fig. 6). I have here 
twenty points emitting light, and these twenty points we sup- 
pose to be all tit equal intervals and to vibrate always in the 
SiiiuQ phase. They send out rays in all directions, but not to 
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confuse the diagram, I have drawn the mjs of different 
directions as coming from different points. 

Let us BiBt consider the rays which leave at right angles to 
the line on which the points are situated. The points !), 10, 11, 
1 2 are drawn aa sending out such light. If we draw a line any- 
where at right angles to that direction, all the points in that 
line will evidently he equidistant from the luminous points and 
therefore in the same phase. If, by means of a telescope, 
I collect all these rays I shall see light. Examine next the 
light sent out in the direction bb', and suppose that the per- 
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pendiculars drawn from7and Son that direction cut off distances 
equal to half a wave-length, then, by what I have said, the rays 
will mutually destroy each other, and I sliall not have any 
light by looking in the direction bb'. As I gradually incline 
the telescope more and more I shall come to a direction like 
cc', in which the perpendiculars cut off distances equal to 
a whole wave-ltingth, and in tliat direction ngaiu I shall see 
light. Going round still further I come to a direction dd', in 
which the distances cut off are equal to a wave-length and half. 
Here also no light will be produced, for the crest of one my 
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will ngaiii come on to the hollow of another. Light, however, will 
be seen again in the direction £k', in which the perpendiculars 
cut otf distiinces eiiual to two wave-lengths. By moving the 
telesco{)e round the other side I shall similarly come to direc- 
tions in wliich light and darkness will be alternately produced. 
The number of times light and darkness will alternate depends 
chiefly on the distnnce between the luminous points. 

Supposing now I look in directions intermediate between 
those drawn on the diagmm in which there is neither complete 
agreement nur complete disagreement between the waves. It 
would seem as if here I ought to see neither as much light as in 
the directions in which there is agreement, but yet more than 
where there is disagreement. Such is really the case if the 
number of luminous points be but small, but it can be shown 
by cakuliition that, as the number of these points is increased, 
the directions in which any light at all is seen gradually restrict 
themselves more and more, and, finally, I shall see light solely in 
the directions such as aa', cc', and ee', in which the perpen- 
<liculars cut off distances either e({ual to a whole wave-length or. 
to some multiple of it ; and this is the method by means of 
w-hich we have been able to measure the length of a wave 
of light, small as that wave is; for if we know the distances 
between the points nn<l the direction im', in which light first 
appears, we can calculate the perpendiculars which measure 
the length of a wave. At the same time you see how we 
can separate the different colom-s, for the directions in which 
light will appear are clearly different for waves of different 
lengths. Ikit now I must describe to you how I can produce 
a series of eijuidistant luminous points, whose distances at the 
same time shall be small compared to the length of a wave 
of light. Points really luminous I cannot employ, for 
neither could I bring them sufficiently near together, nor, 
if I could do so, would they be in the same phase of vibration, 
for the i^hase of luminous points is constantly changing in an 
irregular way. I must call to aid the previous phenomenon 
to which I have alluded, viz., the diffraction of light. If I 
scratch on a surface of glass a series of lines very close together 
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with a diamond, I render some parts of the surface opaque, and 
the parts which transmit light will be separated by equal spaces, 
so that if these parts are small a beam of light passing through 
them will be diffracted and spread about in all directions from 
each opening. If the beam of light, moreover, has originally 
been at right angles to tiie surface of the glass, the light 
diverging from the openings will all be in equal phases. 
It is true the light does not diverge from a series of 
points as we have assumed, but from a series of small surfaces ; 
but calculation shows that this does not make any difference as 
far as the phenomena we are here discussing are concerned, if 
I take the distances of the openings to be that of their middle 
points. If the beam of light is not incident at right angles, the 
direction in which light is seen will be different, but the general 
appearance will be the same. 

A surface of glass ruled with a number of lines is called a 
diffraction grating. Fraunhofer first constructed such diffraction 
gratings, but their improvement is greatly due to Nobert, whose 
diffraction gratings, all ruled by hand, were until recently unsur- 
passed in their accuracy and excellence. Rutherfurd, however, 
has succeeded in making gratings by machinery, and has also 
ruled them on speculum metal instead of glass. The gratings 
on speculum metal act by reflection instead of by transmission ; 
they give more light and are therefore more useful for spectro- 
scopic purposes. The most powerful of Rutherfurd s gratings 
have over 17,000 lines ruled on the inch. Rowland quite 
recently has improved even on Rutherfurd's gratings, and has 
especially been able to cover a larger surface ; so that it is pos- 
sible now to have a surface of several inches square ruled with 
lines which are only the 20,000th part of an inch apart. 

The general appearance presented by solar light decomposed by 
the grating is illustrated in Figs. 7 and 8. Let the light enter 
the grating at right angles to the surface, in the direction of 
the arrow in Fig. 7, when the gi-ating is nded on glass, or in 
the direction of the dotted arrow, when the grating is ruled on 
speculum metal. If we look in the direction from A\hich the 
light comes, a bright white spot of light is seen, this is drawn 
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on the figure as a point ; as we move the eye to the right or 
left, we shall see the rainbow colours of white light decomposed 
by the grating, the violet light having the smallest wave length 
will appear nearest to the bright central spot. This first 
spectrum on either side stands out clear from the remainder. 
If we look in directions gradually more inclined to the 
perpendicular of the grating a new spectrum is seen ; this is 
due to the crest of one wave falling over the crest of another 
which was two wave-lengths in advance. Here again the violet 
will be least deflected, but the red will not stand out clearly 
for it will overlap the violet of the third spectrum ; and as we 
go on clianging the direction in which we look towards the 




Figs. 7 and 8. 



grating we shall see more and more spectra and they will over- 
lap more and more. The first spectrum, or the spectrum of 
the first order as it is called, shows the rays with least dispersion, 
while the greater the order of the spectrum, the greater is the 
dispersion. If we want to observe them we must separate the 
one we want to see from those which overlap, and I shall have 
to explain to you in a subsequent lecture how this can be 
done. In the figure each spectrum is drawn a little above the 
one preceding it, so as to avoid confusion, and if as is assumed 
in the drawing there arc 400 lines on each millimeter, we shall 
see three complete spectra on either side, and the violet ends of 
three further ones. If we incline the grating to the direction of 
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the rays, the appearance is illustrated by Fig. 8. The bright 
spot of white light is no longer in the centre but towards one 
side ; and the spectra on the two sides become unsym metrical, 
but I can naw see as many as five complete and four more 
incomplete spectra on one side, and this is a great advantage 
when I want the spectra of higher orders for great dispersion. 

The weak point of these gratings consists in the light being 
broken up and separated, not into one spectrum, as in the case 
of a prism, but into several distinct spectra ; the light in each 
is naturally weakened, and whenever we have therefore to deal 
with sources of light not very strong in themselves, the method 
of separation by a grating is difficult. Gratings are not likely for 
this reason ever to replace the ordinary one-prism spectroscopes 
such as I shall describe in my next lecture ; but for the examina- 
tion of solar light, and whenever we want and can employ high 
dispersion, gratings give a better result than the batteries of 
prisms which have until lately been used for the purpose. 

There is one great diflference between spectrum produced 
by means of a prism and that by means of a grating; while 
the grating separates out two waves of diflferent length in such 
a way that their distance is always very nearly proportional to 
the difference in their wave-length, the prism spreads out the 
blue rays much more than the red ones. To give an example, 
let us take, as is usually done, as our unit of length, the ten 
millionth part of a millimeter, and let us call this length a tenth- 
meter. Consider two rays which shall have a wave-length 
7,000 and 7,010 respectively, and also two rays with a wave- 
length of 4,000 and 4,010 ; the first set would look dark red 
to our eyes while the second set would be violet. The dif- 
ference in wave-length of the rays in each set is 10 tenth- 
meters ; accordingly, the grating will show the rays separated 
through almost exactly equal distances. But if the same rays 
are separated by means of a prism, the two violet ones would 
have more th«n five times the distance than the two red ones* 
Fig. 9 (I. and III.) is intended to illustrate this distinction. 
In (III.) we have the rays with a wave-length of 4,000, 4,500, 
and so on up to 7,500 as spread out by means of a gmting; and 
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spectrum Fig. 9 (I.), and let us assume that our thermometer 
was of such a size as to cover in the ditTraction spectrum, the 
distance between the equidistant lines iu the figure, then I might 
perhaps find that for the interval from 7,000 to 7,500 I should 
get the same heating effect as for the inten'al from 5,000 to 
5,500. Let us then move the thermometer into the spectrum 
produced by refraction. We see by the figure that the wave- 
lengths in the red are so near together that the thennometer 
now will allow more than double the number of waves to fall 
upon it, that is all waves between 7,500 and C.oOO will fall into 
it, and consequently the heating effect here in the extreme red 
will be much greaterwhen the spectrum is produced by a prism, 
than when a grating is used. On the other hand the green 




mys from 5,000 to 5,500 occupy a larger space witb a prism 
than with a grating, the thermometer will therefore not receive 
30 many and would not rise so high. 

It is clear, therefore, that in the red, and A fortiori in the 
infra-red, the prism will show too large a heating power as 
compared with the grating, while in the green, and still 
more in the blue and violet, the prism will show a smaller 
thermal effect. It was the merit of Draper to have drawn 
attention to this important difference, and to have shown that 
when the spectrum is spread out according to a wave-length 
scale, the maximum heating effect of the solar rays is in the 
visible part instead) of in the infra-red. But his instruments 
were insufBciont for accurate measurements, and some of his 
conclusions were vitiated by his incorrett but otherwise laudable 
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opinion, that the distribution of light and lieat was the same in 
the solar spectram. The mere existence of iufra-red rays ought 
to have sliowo him that this is not the cn£e. The first attempt 
to find accurately distribution of heat in the solar spectrum was 
raatle by J. Midler, and published by him iu 1858. The 
observations were made with a prism of rock-salt which does 
not absorb appreciably the infra-red rays, but were afterwards 
reduced to wave-lengths as well as the means of the author 
allowed him to do so. The results were plotted down in a curve 
given iu Figs. 10 and 11, of which the first gives the distribution 
of heat as shown by the prism, having a maximum effect iu the 
infra-red, whereas the second exhibits the same reduced to the 
wave-length scale and gives the maximum heating power in the 
yellow. As Miiller himself obser\'ed, the weak point nf his 
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results consisted in the uncertainty of his wave-lengths. Mcdern 
researches have partly overcome this difBculty, and tliauks to 
Prof. Langley we iiave now a fairly complete knowledge of 
the distribution of heat throughout the solar spectrum. His 
interesting series of experiments was made with an iustriiincnt 
termed a bolometer.^ This consists of very thin 3tri[)s of met-il 
which form the arms of an electric balance ; if one of these arms 
be heated ever so slightly, while the temperature uf the other 
remains unchanged, a movement of the galvanic needle included 
in the circuit is noticed. To give an idea of the delicacy uf this 
measurer of sunlight I may state that a change of temperature 
of iv^QD of a degree centigrade is easily noted, and that the 
heating effects of the ultra-violet rays can be detected iu less 
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than ten seconds, though the same radiation is so weak that 
falling luiinterruptedly for over one thousand years on a kilogram 
of ice at 0° C. it would not wholly melt it (Langley). 

By what I have said you see that I get an altogether different 
curve of heat distribution according as I plot down on the 
horizontal line refractive indices, as I do with a prism, or 
wave-lengths as I do with a grating ; and there can be no doubt 
that tlie curve obtained with the wave-length scale istobe 
preferred, as it is fixed and absolute, while prisms of different 
substances will not disperse the light in exactly the same way. 
But I can prepare scales as absolutely correct as that of the wave- 
length scale and still obtain different curves of heat distribution. 
Supposing for instance we take on a horizontal line equal 
distances, not for equal differences in wave-lengths but for equal 
differences in time of vibration of different waves, I should 
obtain a distribution of rays in the spectrum given in Fig. 9 (II.) 
which you see is intermediate in its dispersive properties between 
the prism and the grating. If then I measure for each wave- 
length the heating power along a vertical line, I should get a 
curve somewhat intermediate between that shown in Fig. 10 
and in Fig. 11. Such a curve would show its highest point 
somewhere in the extreme red. We see by all these examples 
that the results I obtain for the distribution of heat or of energy 
in the solar spectrum are somewhat arbitrary, for they depend on 
the way in which the spectra are obtained. To say that the 
maxinmm heating effect lies in the infra-red or in the yellow, or 
in the red, has no real meaning unless I add in what way the 
results have been obtained and reduced. This was first clearly 
pointed out by Lord Rayleigh. 

I will now endeavour to show you by an experiment the fnct 
of the existence of these dark heating rays of really invisible 
light, and to do this I will employ the beautiful arrangement 
by which Dr. Tyndall first accomplished the separation of which 
I have just spoken. I have for this purpose placed in the 
dark box (d, Fig. 12) an electric lamp (l), wliich gives us a very 
bright light, and by means of this mirror (m) I can bring the 
rays to a focus at any desired point. Here is a cell (c) which 
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■. Tyndall very expressively calls a ray-tilter, by which I can 
Bter out ihe whole of the luminouB rays, Tjy pasaiog them 
through this opaque solution of iodine in disiilphide of carfann, 
whilst the iavisible beating raya are transmitted, and will soon 




ider themselves evident to you, A furrc-iit oi' colii water 

nilatea through a double jacket on the outside of the cell, 

^keep the volatile disnlphide cool. Now I think you will 

wrve that no mys of light come throiitfli, but if I tnke n 
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piece of black paper, and place it in the focus of our mirror, 
you see the paper is ignited, owing to the presence of these dark 
heating rays. I may now do the same with a piece of blackened 
platinum (p. Fig. 12) ; you see that this also is heated to red- 
ness. I can show you this again in a variety of forms. Here 
is some gunpowder strewed on this paper; you observe that 
it at once explodes when brought into the focus of the dark 
rays. Here I have some blackened gun-cotton, which instantly 
catches lire. I may vary the experiment by lighting a cigar ; 
and here you see the brilliant scintillations of charcoal burning 
in oxygen, having been heated up to the temperature of igni- 
tion in the focus of the dark rays. Dr. Tyudall has measured 
the proportional amount of the entire heating rays which, pour- 
ing foHh from this incandescent carbon, has passed through 
this dark filter, and he has found that this consists of ^ of the 
whole amount ; so that only J of the radiation is really visible. 

Another, and perhaps still more striking, method of showing 
the existence of these infra-red rays is that employed by Captain 
Abney, who has been able to prepare sensitive films capable of 
receiving photographic impressions of these invisible vibrations, 
and thus the notion, previously held, that only the more re- 
frangible portion of the solar rfidiation was capable of producing 
chemical action, has now to be given up. Another, and third, 
method of investigating these infra-red rays has been founded 
by M. Becquerel on the properties of certain bodies with respect 
to phosphorescence and fluorescence. I must, however, defer a 
description of this until, in a subsequent lecture, I shall 
speak of these phenomena. 

Let us now examine a little more closely the power of the 
luminous vibrations to produce chemical action. It still remains 
(juite true tliat for most cases of chemical change, and those 
which are perhaps the best known, it is the more refrangible 
rays at the blue end of the spectrum whicli effect this chemical 
action. Allow me to illustrate this fact to you by an experi- 
ment, and in order to render the illustration more perfect I will 
first make an experiment with reference simply to white light, 
to show you that the brilliant lijrht which is emitted by this 
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iTitiiig niagnesiuin, and is almust tim duxzliug tor the eye to 
lar, contaiiis a very large proportion of tLe rays which we are 
tbout to iQvestigiite.' 

I have here a thin glasa buib conbiiiiiug a niistuii' uf t-qual 

Tolnmes of two gases, chloritie and hydrogfu. These gases 

when exposed to a bright light combiue together, and fomi 

hydrochloric acid gas. If I were lo throw this bulb out into 

sunlight, so rapid would be the combination, and so great 

consequent evolution of heat and sudden expansion, that 

lis little bulb would instantly be shattered into a thousand 



» 




ragmenls. Almost as sudden an efl'ect would be produced 

f I simply burn a bit of magnesium wire in the neighbour- 

i of the bulb (Fig. 13) ; it explodes with a pretty luud report, 

p bulb is shattered, and the gases have been combined by 

s of the blue rays contained in tliis kind of light, tn order 

t convince you that the red rays cannot produce the action 

a the bhie ones are able ti) effect, I here burn a piece of 

AiospboruB, first in a red globe i'ulJ of oxygen gas. when, as 

I see, an intense light h emitted wholly without action on 

■ little bulb of sensitive gas. Next I bum a similar piece 

* 8«* Apppniiix B for tht iiipnaumnient of tli* i-henutnl intriisity of msgneiiuni 
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of phosphorus in oxygen contained in this blue globe, and as 

I soon as the intensity of the light attains its maxtmum, the bulb 
explodes wit)i a loud report. I will next show you in another 
way that it is the blue rays which thus act chemically. This 
lantern (Fig- 14) coutains panes of difl'erent coloured glass, — here 
a white one, there n yellow one ; here a red one, there a blue 
one. I am going to put another of these little bulbs filled with 
chlorine and hydrogen in the inside of this lantern, and then 
I will produce, not by magnesium wire, but by another meimfi. 




a very bright blue light, a light which contains these chemically 
active rays in greatquautity. I will Brst allow this blue light to 
shine upon the bulb through the red p:xne of glass. Here I pro- 
duce a very bright flfime, by throwing some carbon disulphide 
into a tall cylinder full of nitric oxide gas, and igniting 
the mixture. There you have the bright flash, but you have 
noticed no explosion of the bulb, fur all the chemical rays have 
been held back ; filtered off by this red glass, they cannot pass 
through ; and the consequence is, there has been no action fto 
my bulb. I will now allow another of these flashes of light 
to pass through the blue glass, which being of course tranft* 
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parent to the blue rays, my little bulb will be shattered into 
a fine powder, as you observe. Here then we have ascertained 
by experiment that the blue rays act cliemically on a mixture of 
chlorine and hydrogen, whilst the red rays are the most intense, 
as shown by their heating power. 

This sensitive mixture of chlorine and hydrogen, which, as 
you have seen, explodes when the chemical activity of the 
light is great, may be used as a most delicate means of 
measuring the amount of light of slight intensity. The combina- 
tion of the gases then occurs slowly, and may be rendered 
evident by allowing the hydrochloric acid thus formed to be 
absorbed by water, when the consequent diminution in bulk of 
the gas accurately represents the chemical action effected. 

The varying power of the different parts of the solar spec- 
trum to produce the chemical combination of chlorine and 
hydrogen has been carefully investigated. The accompanying 
figure (Fig. 15) exhibits the chemical action effected by the 
various portions of the spectrum on the sensitive mixture for 
one particular zenith distance of the sun. The lines marked 
with the letters of the alphabet from A to w, at the bottom of 
the figure, represent the fixed dark lines which exist in the 
solar spectrum, of which I shall have much to say in the sub- 
sequent lectures. They serve as landmarks by which to ascer- 
tain the position of any given point in the spectrum. The 
greatest amount of chemical action is noticed between the line 
in the indigo marked G, and that in the violet marked n. In 
the direction of the red end of the spectrum, the action becomes 
imperceptible about D, in the orange (the maximum of visible 
illumination); whilst towards the other end of the spectrum 
the action is found to extend as far as the line marked u, or 
to a greater distance beyond the line H in the violet than the 
total length of the ordinary visible spectrum. For other 
chemical substancej, such as tlie salts of silver, which are 
capable of undergoing decomposition when exposed to the 
light, different curves of sensitiveness are obtained. All these 
bodies are <acted upon by the blue rays, but some have their 

* See Appendix C for description of method. 
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inaxiraum action at one part, sorat; ul auoUier part of Uk* 
spectrum. 

The fact tbat the more refrangible mya act more onurguUcally 
upon the ordinary photograjihic plute ciui be illiiBtratuil 
by sbawiD<; that I can pbutograph with ihes^ blue roys. 
wliiireas I t'uil tu produi'c the same efft-tt with tbo red 
rays. 1 will coat a plate with collodion, and then darken the 
room, with the exception of this yellow nioawhromatic flame, 
produced by the volatiliKation of Boda salts, which is incapable 
of actinf,' chcnticiillv, nnd with wbicl] wo may work without 




iat all affecting our photograpliic plate. Now 1 have coaled 
a plate with collodiDn, and sensitized it in the silver bath. I 
shall next expusc this to the action of the light of tlic spectrum 
of the electric lamp. Let iiie first show you that I have here 
(Fig. 16) a negative photograph, of which I am about to take 
a print by rauans of the blue rays of the electric lamp. You 
will observe that there are two figures upon the negative, one 
marked Vand the other marked R: these letters being intended 
to signify Violet and Red. The one figure marked V, I propose 
to place in front of my sensitized plate in the blue or violet ray, 
and the one marked R I sliaU ofieii in the red ray, and I hope 



) be able to produce a chemical ellVct on Ihitt porliun of tiiy 

psiiized plate which lias beeu exposed to the blue, whilst we 

I get no correspiDiling effect uii ihe portion exiwaed to the 

I ray. 1 next placo my plate with ite face clownwards ou 

! negativft; we now start our electric lamp, using a small 

Ktram in order to huve the action ratber more distinct. I 

^en expose liaif my plate in the red rays for about twenty 

Bonds, and afCerwarda expose the otber half, with the V upon 

t, for about the same k-ngth of time, to tbe vinlet light. I will 

V develop and wash the photngi-aph. and throw the inia^c 




produced on the screen, when you will observe (Fig. 17j a vury 
irked difference between the two halves, the one showing tliat 
D action bas been produced on the sensitive plate exposed to 
B red rays, and the other giving us tbe perfect picture with 
be V upon it. 

I Now let me bring before you evidence of our extended 
nowlvdge on this suliject. I have here a collodion lilm plate 
red by Captain Abney's methoH.and with it I will perform 
ily the same series of operations which you have just 
Htnessed with the ordinarj- film. Here I cxpiosc- pnrt. of it in 



so 



SPKTRITM J.VJtrsfe 



[u 



tiw^ nd. umI domf 1 open the other part nf the plate i 
violot light from bit t-bctric Utnp. Now I will devolnp the 
yUtc, and Tuu se« that the tinage is Tisihle on tbe side murkeil 
K, adthimgb it is also scvn that aa acttoD baa al^ taken |iliKe on 
Uw diie marked V. How caa this remarkable differetice he 
explained T A simple experiment will, I think, serve to do 
this. Here I hare an ordinnry dry eollodion plate, such us I 
itf)i<d in tbe first of the two experiinenU. I place this in rront 
of our electric lampi ami you observe that we have an orange or 
ivd <\>lnafvd image thrown nn thf screen. In other wanli<, l.he 




blue raya o( the wliiu; electric liylit have been absorbed, will 
tbe red and orange rays pass through the tiJni. Now I repi 
this ortliiiary plate by one prepared by Captain Abney's | 
This you see throws a blue image on tbe screen ; it absorbal 
red and orange rays, although it bas not lost all its powi 
absorbing the blue, ami this is tho plate, yoii will i 
\ which possesses the capability of photographing the red { 
infra-red portions of the spectrum. Here, then, we hATOJ 
explanation of this diverse actJua ; for in order that a cheni 
ch:inge siiall be effected, the molecules of which the coropi 
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is built up must be broken up if a decomposition takes place 
or the constituent atoms of the elements must be brought into 
contact if a combination occurs. This can only take place when 
the vibrations which constitute light are taken up by the mole- 
cules or atoms, and in this case the light ceases to exist as such^ 
and is transformed into molecular motion. So if the molecules 
have the power of absorbing the blue rays, as you have seen is 
the case with the ordinary photographic plate, and with the 
yellow mixture of chlorine and hydrogen, these blue rays will 
have the power of bringing about either the decomposition of 
the silver salt or the combination of chlorine and hydrogen. If, 
on the other hand, another kind of molecule has the capacity of 
taking up the red rays, and therefore of allowing the blue rays 

pass, 83 you saw in Abney's plate, then we find that it is the 
Ij red rays which are capable of acting chemically upon this 
molecule. Thus you will understand tliat we can no longer 
speak of specifically actinic or chemically active rays, for every 
ray is capable of acting on a certain chemical compound, and 
all may, therefore, be said to be chemically active. So far, 
indeed, has Abney increased the sensitiveness of his film for 
the infra-red rays, that he has not only succeeded in obtaining 
photographs of the invisible solar rays, but has even taken a 
picture, in the dark, of course, of a kettle of boiling water. 

Another very interesting example of the chemical changes 
effected by the more refrangible rays, recently studied by Professor 
Tyndall,' is the decomposition which the vapours of certain 
organic bodies undergo when exposed to the concentrated solar 
rays, or to the concentrated beam of the electric light. To in- 
vestigate these remarkable changes Tyndall passes a very small 
quantity of the colourless and invisible vapours of such a liquid 
as nitrite of amyl, together with air, into a long glass tube closed 
at each end by glass plates ; on allowing a beam of parallel rays 
to fall through the length of the tube, the space at first appears 
to be empty and dark, but after a few seconds singularly 
beautiful, coloured cloud-forms make their appearance, and as 

' "On the Action of Ravs of high Refrangibility upon Gaseous Matter," by 
J. Tyndall, F.R.S., Phil. Trans., 1870, p. 333. 
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tlics*- ar*? not so*.-ii whon the tubv contains onlv air, we thus 
loam that a r-hoinir-al i'liaD;j:e lias taken place in the vapour 
its»,-lf. Of th».' exact natMD-* of the changes here produced we 
«'ire JLS yet i;:iioniiit. h:it in many en Pes i: is probable that an 
oxidizing artion is goin-;; on. The delicacy of these reactions is 
remarkable, even by the siile of the phenomena of six^ctnim 
analysis, for the «iuantity of matter capable of producing these 
artinic clouds is found to be extremelv small. 

f]veii the impression jiroduced by the rays of light on the 
retina seems to be a kind of photographic action, for Professor 
Kiihne has found that the purple tilm, termed the visual purple, 
which covers this delicate membrane, loses its colour on exposure 
t<j li^ht. He has, indeed, proved that it is possible to obtain 
ujHjn this film a so-called optogram, or visible image fixed on 
the retina, of the object at which the eye may be directed. In 
the living eye the sensitive surface is quickly being renewed, 
and consequently the eye constantly recovers its power.* 

The rays which the sun constantly pours down upon our 
earth, doubtless exert, ]>y their chemical action, a most im- 
)K)rtant intlueiict.' on the fauna and flora of a countiy, and it 
becoint's a matter of some importance to measure accurately 
their varying intensity with the changing seasons, and at 
ditlen*nt parts of the glo])e. It may not be uninteresting if 
I point out. some of the results which have already been 
obtained liy measurements of this kind, made by a method 
projM)se(l by Professor Hunsen and myself, and depending on the 
(hirkening (A' a sensitive ])aper prepared with chloride of silver. 
The principles u]>on which the method is based are : (1) that a 
photographic j)aper cixu be prepared winch always shall possess 
a constant de^j^ree of sensitiveness ; and (2) that the darkening 
I'llect proiiueed by the liirht on this paper is constant when the 
product of the intensity of the light into the time of exposure 
is also constant. Measurements according to this method have 
hcvu carried (Hit at Kew ()bservat«)rv. and an interestinsr series 
of curves obtained, showing the variatifui of the chemical action 

' Sfo "On tin' Phot.x'h.MiiiHtry of tin- Krtiiu aii«l Visu:il rurpli-." Mncmillan 
rtml r.i., IS7S. 
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show 



i and fall of monthly chei 



Y with the hoi 



:hemical intensity v 
f the day, from 6 A.M. to 6 P.M., for the year 1866. Wo aeel| 
n>m these curves that the maximum, niuouut of clieiniad action! 
occurs at IS o'clock, and that tliis action is eijuiil at hours 1 
equidistant from noon ; we learn also that if the chemical i 
tensity in July 1866 be represented by the number 100, Ihat, 
in January is represented by 14 ; or in mid-summer the chemical 
intensity of the sun is more than seven ttmea as great as in 
mid-wint«r,' 

Still more interesting is it to ascertain the distribution of the 
chemically active raya on the earth's surface, about which we 




I 



as yet know but little. According to the vague obsL-rvationa of 
photographers, it would appear that in advancing from England 
towards the equator, the difficulty of obtaining good pictures is 
iocreaeed, and more time is said to be needed to produce the 
effect on the photographic plate under the full blaze of ii 
tropical sun than in the gloomier atmosphere of London. It 
has likewise been stated that in Mexico, where the light is very 
intense, from twenty minutes to half an hour was required to 
produce photographic effects which in England occupy only a 
minute; and it is said that travellers engaged in copying the 

' (Biwco*) Bikeriaa Leotiiri', Phil. Tmue., part ii. 1865, p. fl05; aud lim 
•COf) riiil, Triinf., lSfl7, f. S5S. 
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antii^aities of Yucatan have on sevenU occasions been oblifl 
to abandon the asc of the photographic csraeni, and have 1 
to take to tlieir sketch-books I In order to test the validityJ 
these stutumeDts, it becomes a matter of great importance f 
detenuine directly the intensity of the chemically active nwra 
in the tropics ; and, thanks to the zeal and ability of my friend 
Professor Thor[)e, I am able to show you the restilts of such 
measureineiits. made at Pari, situated nearly under the equator, 
ill the northeru proviuoe of the Bniinls, ami lying on a branch 




of the Amazous. Owing to the rainy season having commcu 
when the expenmenta were made, the changes in the chemical 
intensity as observed from hour to hour, and even from minute 
to raiuute, are very sudden and remarkable, and are well seen 
on the curves (Figa. 19 and 20) ; and these, compared with the 
dolled lines below indicating the corresponding action on the 
same day at Kew, show the enormous variation in chemical 
intensity which occurs under a tropical sun in the rainy season. 
Regularly every afternoon, and frequeutly at other hours of the 
day, enormous thunder-clouds obscure the sky, and, discharging 
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their contents in the form of deluging rain, reduce the chemical 
action nearly to zero. The storm quickly passes over, and the 
chemical intensity rapidly rises to its normal value. By com- 
paring the curves for -Para and Kew on the same days, we 
obtain some idea of the energy of chemical action at the tropics, 
and it is at once evident that the alleged failure of the photo- 
grapher cannot at any rate be ascribed to a diminution in the 
sun's chemical intensity as thus measured, which in the month of 
April 1866 was nearly seven times as great at Para as at Kew. 

The absorptive eflfect of the earth's atmosphere on the direct 
rays of the sun is apparent to everybody looking at the brilliant 
red colours of sunrise and sunset, these colours being due to 
the absorption and scattering of the blue rays. Occasionallyi 
however, the red rays are absorbed more than the refrangible 
ones, and in that case we have the remarkable phenomenon of 
a green sun. 

The whole subject of the elFects of our atmosphere on the 
solar radiation, both at the red and blue end of the spectrum, 
has recently been investigated by Professor Laiigley, who finds 
that to an observer placed above the atmosphere the sun would 
appear of a decidedly blue colour. 

I have in conclusion to point out to you that the solar spec- 
trum differs in certain respects from that beautiful spectrum of 
the electric arc with which we have been working ; and it diflfers 
in this way, that the solar spectrum consists, not of a continuous 
band, passing without break or interruption from red to violet, 
through all the shades of colour which we know as the rainbow 
tints, but that in the solar spectrum we find, interspersed between 
these colours, certain dark lines which we may regard as shadows 
in the sunlight, spaces where certain rays are absent. The first 
person who observed these dark lines was Dr. Wollaston.^ 
Newton did not observe them, and for the good reason that he 
allowed the light to fall on a prism from a round hole in the 
shutter. In this way he did not obtain what is termed a pure 
spectrum, but a series of spectra, one overlapping the other, 
owing to the light coming through difl'erent parts of the round 

1 Phil. Trans. 1802, p. 378. 
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hole. If hf; lia<l allowed tli».' li^ht to piss through a fine 
vrtioa! slit, aiii if this slit of light, if we may use such a t^rin, 
Ii:l'1 then fallen n[Mn the prisms, placed so that the edge of the 
prfrartiiig angk* is paralh-l to the slit, he would have observed 
that till* solar sfiectruni was not continuous, but broken up by 
|H-riiian(?nt dark liin.'s. Dr. WoUaston, making use of a fine slit 
of li^ht,dis(;ovun*d these fixed dark lines in the solar spectnim. 
Newton (lo4fs, in<lee(l, state that advantages acciiie if a " hole 
sIi.'i|)(mI like a lon^ ]>araIle1ogram an inch or two long, but a 
tiii1.li or twt'iiti«'tli of an inch broad or narrower," be used 
iiistrjui of a round holo, but tliis width of slit is far too great to 
iilliiw I if th(> lixrd liii(*s l>eincc seen. 

I iiivitv your attention to the drawings of these lines in this 
\eiy impel lert sketch of the Solar spectrum (see coloured diagram 
nil rmntispit'ci'). These dark lines are always found in the 
Millie poNJlidii in the sunlight, whether you take direct, diffused, 
nr H'lhMted sunlight. The exact mapping and observation of these 
lines in the solar spednini is a matter of as great importance 
to iisiroiiomv and to physical science generally as the mapping 
i»l the stars in the heavens, because by knowing exactly the 
|NiMiiinu nt these dark liiii^s in the solar s])ectrum we can ascer- 
i.nii ihiit iron. stHJium. and otluT well-known substances exist 
in I lie Milar atmosphere. 

1 will now show vou a dia«;ram illustrative of this fact, and 
leinind \ou that we are indebted for the first careful examina- 
ih*n ot lliese lines to a iienuan optician, Fraunhofer, whose 
none ha** l»t»en atlaelied to these lines. Fraunhofer mappe<l no 
I.".-, th.ui eTo ot" lhe>e lilies in the year 1814.^ This is an exact 
iiilui'iil ii»p\ ot Ins map ^Kig. -P. On the left is the red and on 
fh.' n»'.ht Is the \ lolet portion of the visible sjKVt mm. You observe 
h.»w the. '.peiliuin In shaded. Notiee. if you please, the immense 
lomihei ^^\ lines w huh intei>ev't and alnu>st apjH?ar to make the 
•lol II '.pi'^tinm daik Kiauuheter emplovotl the letters of the 
dphd»ei to desl^;nate some of the pviuv^ipal lines, beginning 
woh V in the i\d aiivl jv\ss*.:»»; v^u lo H in ihe violet. Many of 
ih% -M' loix-. .\iN' as tine ;>s ilu' tluesi spider's web, so that they 
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hole. If he had allowed the light to piss through a fine 
vertical slit, and if this slit of light, if we may use such a term, 
had then fallen upon the prisms, placed so that the edge of the 
refracting angle is parallel to the slit, he would have observed 
that the solar spectrum was not continuous, but broken up by 
permanent dark lines. Dr. WoUaston, making use of a fine slit 
of light, discovered these fixed dark lines in the solar spectrum. 
Newton does, indeed, state that advantages acciiie if a ** hole 
shaped like a long parallelogram an inch or two long, but a 
tenth or twentieth of an inch broad or narrower," be used 
instead of a round hole, but this width of slit is far too great to 
allow of the fixed lines being seen. 

I invite your attention to the drawings of these lines in this 
very imperfect sketch of the solar spectrum (see coloured diagram 
on Frontispiece). These dark lines are always found in the 
same position in the sunlight, whether you take direct, diffused, 
or reflected sunlight. The exact mapping and observation of these 
lines in the solar si>ectruui is a matter of as great importance 
to astronomy and to physical science generally as the mapping 
of the stars in the heavens, because by knowing exactly the 
position of these dark lines in the solar spectrum we can ascer- 
tain that iron, sodium, and other well-known substances exist 
in the solar atmosphere. 

I will now show you a diagram illustrative of tliis fact, and 
remind you that we are indebted for tlie first careful examina- 
tion of these lines to a German optician, Frauiihofer, whose 
name has been attached to these lines. Fraunhofer mapped no 
leas than 576 of these lines in the yeai* 1814.^ This is an exact 
reduced copy of his map (Fig. 21). On the left is the red and on 
the right is the violet portion of the visible spectmm. You observe 
how this spectmm is shaded. Notice, if you please, the immense 
number of lines which intersect and almost appear to make the 
solar spectrum dark. Fraunhofer employed the letters of the 
alphabet to designate some of the principal lines, beginning 
with A in the red and passing on to H in the violet. Many of 
these lines are as fine as the finest spider's web, so that they 

^ Denkscliriftcn der Munchcner Akadcinie, 1814. 
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occupy but a small portion of the whole area of the spectrum — 
that is, the portion which is filled with light is far greater than 
the portion filled with these shadows, although the number 
of these shadows is so exceedingly large. The curve in the 
upper part of the figure gives Fraunhofer's estimate of the in- 
tensity of the visible rays at different parts of the spectrum, 
showing that when the light is spread out by means of a prism, 
the maximum visual intensity occurs in the yellow. 

Fraunhofer first ascertained that these lines are present in 
every kind of sunlii^ht, and that moonlight, as well as the light 
of the planet Venus, exhibits the same dark lines. He like- 
wise measured the refractive indices and the wave-lengths of 
these lines, — that is, determined their relative positions in 
the solar light ; and he found that the relative distances 
between any given lines remained constant, whether he took 
direct sunlight, or sunlight reflected from the moon or 
planets. 

Since Fraunhofer's time more accurate determinations of 
the wave-lengths of the various dark solar lines have been 
made. Of these the most exact are those observed by Pro- 
fessor Angstrom,^ of Upsala; and the numbers obtained by 
him for the wave-lengths of the most important solar lines 
are usually taken as the standard measurements in this 
branch of science. In one column of the following table 
you will find these standard wave-lengths in Angstrom's 
numbers expressed in tenth-metres (or in ten-millionths of a 
millimetre) ; in the other column are seen the numbers ob- 
tained by Fraunhofer in 1814 for the wave-lengths of the same 
dark lines. 

v.m<. /^fTinii Angstrom's Wave-lenKth«. Fraunhofer's Wave-lengths, 

xsamc 01 Ldne. ^^^ ten-millioaths of a uiiUimetre.) 

A. 7604-00 — 

B. 6867-00 6879-5 

C. 6562-10 6562-3 

D. 5892-12 5892-0 

E. 5269-13 5265-3 

^ Angstrom, "Ilecherchcs sur Ic Spectre Solairc, Spectre Normal du Soleil, 
p. 25. riwjalft, 1868. 
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w .. »rTi». Aikg8tr5m't WATe-leneths. FnunhoflBr's Wove-leiiutht. 
Name or une. ^j^^ ten-millloiiths of a miUlmetre.) 

F. 4860-72 4849-5 

G. 4307-25 4293-3 
H,. 3968-19 3945-0 
H^ 393300 — 

Another important observation was made by Fraunhofer, — 
namely, that the light from the fixed stars, which, as you know* 
are self-luminous, also contains dark lines, but different lines 
from those which characterize the sunlight, the light of the 
planets^ and that of the moon ; and hence in 1814 Fraunhofer 
came to this remarkable conclusion : that whatever produced 
these dark lines — and he had no idea of the cause — was some- 
thing which was acting beyond and outside our atmosphere, 
and not anything produced by the sunlight passing through 
the air. 

This conclusion of Fraunhofer has been borne out by sub- 
sequent investigation, and the observations upon which it was 
based may truly be said to have laid the foundation-stone of 
solar and stellar chemistry. 
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LECTURE I.— APPENDIX A. 

EXTRACTS FROM "NEWTON'S OrTIGKS," 1675. 

BOOK L PART I. 

Prop. I. Theor. — Lights which differ in colmtr, differ alsit in 

degrees of re/ravgihility. 

THE PROOF BY EXPERIMENTS. 

Hxper. 1. — I took a black oblong stiflF paper terminated by 
parallel sides, and, with a perpendicular right line drawn across 
from one side to the other, distinguished it into two equal parts. 
One of these parts I painted with a red colour and the other with 
a blue. The paper was very black, and the colours intense and 
thickly laid on, that the phenomenon might be more conspicuous. 
This paper I viewed through a prism of solid glass, whose two 
sides through which the light passed to the eye were plane and 
well polished, and contained an angle of about 60°; which angle 
I call the refracting angle of the prism. And whilst I viewed 
it, I held it and the prism before a window in such manner that 
the sides of the paper were parallel to the prism, and both those 
sides and the prism were parallel to the horizon, and the cross 
line was also parallel to it ; and that the light which fell from 
the window upon the paper made an angle with the paper, equal 
to that angle which was made with the same paper by the light 
reflected from it to the eye. Beyond the prism was the wall of 
the chamber under the window covered over with black cloth, 
and the cloth was involved in darkness that no light might be 
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reflected from thence, which in passing by the edges of the paper 
to the eye might mingle itself with the light of the paper, and 
obscure the phenomenon thereof. These things being thus 
ordered, I found that if the refracting angle of the prism be 
turned upwards, so that the paper may seem to be lifted upwards 
by the refraction, its blue half will be lifted higher by the refrac- 
tion than its red half. But if the refracting angle of the prism 
be turned downward, so that the paper may seem to be carried 
lower by the refraction, its blue half will be carried something 
lower thereby than its red half. Wherefore in both cases the 
light which comes from the blue half of the paper through the 
prism to the eye, does in like circumstances suffer a greater 
refraction than the light which comes from the red half, and by 
consequence is more refrangible. 

Exper, 2. — About the aforesaid paper, whose two halves were 
painted over with red and blue, and which was stiff like thin 
pasteboard, I lapped several times a slender thread of very black 
silk, in such manner that the several parts of the thread might 
appear upon the colours like so many black lines drawn over 
them, or like long and slender dark shadows cast upon them. I 
might have drawn black lines with a pen, but the threads were 
smaller and better defined. This pai>er thus coloured and lined 
I set against a wall perpendicularly to the horizon, so that one 
of the colours might stand to the right hand, and the other to 
the left. Close before the paper at the confine of the colours 
below, I placed a candle to illuminate the paper strongly : for 
the experiment was tried in the night. The flame of the candle 
reached up to the lower edge of the paper, or a very little higher. 
Then at the distance of six feet and one or two inches from the 
paper upon the floor I erected a glass lens four inches and a 
quarter broad, which might collect the rays coming from the 
several points of the paper, and make them converge towards so 
many other points at the same distance of six feet and one or 
two inches on the other side of the lens, and so form the image 
of the coloured paper upon a white paper placed there, after the 
same manner that a lens at a hole in a window casts the images 
of objects abroad upon a sheet of white paper in a dark room. 
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The aforesaid white paper, erected perpendicular to the horizon 
and to the rays which fell upon it from the lens, I moved some- 
times towards the lens, sometimes from it, to find the places 
where the images of the blue and red parts of the coloured paper 
appeared most distinct. Those places I easily knew by the 
images of the black lines which I had made by winding the 
silk about the j)aper. For the images of those fine and slender 
lines (which by reason of their blackness were like shadows 
on the colours) were confused and scarce visible, unless when 
the colours on either side of each line were terminated most 
distinctly. Noting therefore, as diligently as I could, the places 
where the images of the red and blue halves of the coloured 
paper appeared most distinct, I found that where the red half 
of the paper appeared distinct, the blue half appeared confused, 
so that the black lines tlrawn upon it could scarce be seen ; and 
on the contrary, where the blue half appeared most distinct, the 
red half appeared confused, so that the black lines upon it were 
scarce visible. And between the two places where these images 
appeared distinct there was the distance of an inch and a half : 
the distance of the white paper from the lens, when the image 
of the red half of the coloured jxaper appeared most distinct, 
being greater by an inch and a half than the distance of the 
same white paper from the lens, when the image of the blue 
half appeared most distinct. In like incidences therefore of the 
blue and red upon the lens, the blue was refracted more by the 
lens than the red, so as to converge sooner by an inch and a half, 

and therefore is more refrangible 

Scholium. — The same things succeed notwithstanding that 
some of the circumstances be varied ; a.s in the first experiment 
when the prism and paper are anyways inclined to the horizon, 
and in both when coloured lines are drawn upon very black 
paper. But in the description of these experiments, I have set 
down such circumstances by which either the phenomenon might 
be rendered more conspicuous, or a novice mi<;ht more easily try 
them, or by which I did try them only. The same thing I have 
often done in the following experiments ; concerning all which 
this one admonition may suffice. Now from these experiments 
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it follows not that all the light of the blue is more refrangible 
than all the light of the red ; for both lights are mixed of rays 
diflFerently refrangible, so that in the red there are some rays not 
less refrangible than those of the blue, and in the blue there are 
some rays not more refrangible than those of the red ; but these 
rays in proportion to the whole light are but few, and serve to 
diminish the event of the experiment, but are not able to destroy 
it. For if the red and blue colours were more dilute and weak, 
the distance of the images would be less than an inch and a 
half; and if they were more intense and full, that distance would 
be greater, as will appear hereafter. These experiments may 
suffice for the colours of natural bodies. For in the colours 
made by the refraction of prisms this proposition will appear 
by the experiments which are now to follow in the next 
proposition. 



Prop. II. Theor. 2. — The light of the sun consists of rays 

differently refrangible, 

THE PROOF BY EXPERIMENTS. 

Exper, 3. — In a very dark chamber at a round hole about one 
third part of an inch broad made in the shut of a window I 
placed a glass prism, whereby the beam of the sun's light which 
came in at that hole might be refracted upwards towards the 
opposite wall of the chamber, and there form a coloured image 
of the sun. The axis of the prism (that is, the line passing 
through the middle of the prism from one end of it to the other 
end parallel to the edge of the refracting angle) was in this and 
the following experiments perpendicular to the incident rays. 
About this axis I turned the prism slowly, and saw the refracted 
lighten the wall or coloured image of the sun first to descend, 
and then to ascend. Between the descent and ascent when the 
image seemed stationary, I stopped the prism and fixed it in 
that posture, that it should be moved no more. For in that 
posture the refractions of the light at the two sides of the 
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retracting angle, that is, at the entrance of the rays into the prism 
and at their going out of it, were equal to one another. So also 
in other experiments, as often as I would have the refractions on 
both sides the prism to be equal to one another, I noted the 
place where the image of the sun formed by the refracted light 
stood still between its two contrary motions, in the common 
period of its progress and regress ; and when the image fell upon 
that place, I made fast the prism. And m this posture, as the 
most convenient, it is to be understood that all the prisms are 
placed in the following experiments, unless where some other 
posture is described. The prism therefore being placed in this 
posture I let the refracted light fall perpendicularly upon a sheet 
of white paper at the opposite wall of the chamber, and observed 
the figure and dimensions of the solar image formed on the paper 
by that light. This image was oblong and not oval, but termi- 
nated with two rectilinear and parallel sides, and two semicircular 
ends. On its sides it was bounded pretty distinctly, but on its 
ends very confusedly and indistinctly, the light there decaying 
and vanishing by degrees. The breadth of this image answered 
to the suns diameter, and was about two inches and the eighth 
part of an inch, including the penumbra. For the image was 
eighteen feet and a half distant from the prism ; and at this 
distance that breadth, if diminished by the diameter of the hole 
in the window-shut, that is by a quarter of an inch, subtended 
an angle at the prism of about half a degree, which is the sun's 
apparent diameter. But the length of the image was about ten 
inches and a quarter, and the length of the rectilinear sides about 
eight inches, and the refracting angle of the prism whereby so 
great a length was made was 64^ With a less angle the 
length of the image was less, the breadth remaining the same. 
If the prism was turned about its axis that way which made the 
rays emerge more obliquely out of the second refracting surface 
of the prism, the image soon became an inch or two longer, 
or more ; and if the prism was turned about the contrary way, 
so as to make the rays fall more obliquely on the first refracting 
surface, the image soon became an inch or two shorter. And 
therefore, in trying this experiment, I was as curious as I could 
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be, in placing the prism by the above-mentioned rule exactly in 
such a posture that the refractions of the rays at their emergence 
out of the prism might be equal to that at their incidence on it. 
This prism had some veins running along within the glass from 
one end to the other, which scattered some of the sun*s light 
irregularly, but had no sensible effect in increasing the length of 
the coloured spectrum. For I tried the same experiment with 
other prisms with the same success; and particularly with a 
prism which seemed free from such veins, and whose refracting 
angle was 62^^ I found the length of the image 0{ or 10 
inches at the distance of 18| feet from the prism, the breadth of 
the hole in the window-shut being \ of an inch, as before. And 
because it is easy to commit a mistake in placing the prism in 
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its due posture, I repeated the experiment four or five times, and 
always found the length of the image that which is set down 
above. With another prism of clearer glass and better polish, 
which seemed free from veins, and whose refracting angle 
^as 63^^ the length of this image at the same distance of 
18 J feet was also about 10 inches, or lOj. Beyond these 
measures for about ^ or J of an inch at either end of the spec- 
trum the light of the clouds seemed to be a little tinged with 
red and violet, but so very faintly, that I suspected that tincture 
might either wholly or in great measure arise from some rays of 
the spectrum scattered irregularly by some inequalities in the 
substance and polish of the glass, and therefore I did not include 
it in these measures. Now the different magnitude of the hole 
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in the window-shut, and different thickness of the prism where 
the rays passed through it, and different inclinations of the prism, 
to the horizon, made no sensible changes in the length of the 
image. Neither did the different matter of the prisms make 
any : for in a vessel made of polished plates of glass cemented 
together in the shape of a prism and filled with water, there is 
the like success of the experiment according to the quantity of 
the refraction. [After giving a rigorous proof that the rays in 
different parts of the spectrum are differently refracted, Newton 
proceeds.] 

This image or spectrum P T was coloured, being red at its least 
refracted end T, and violet at its most refracted end P, and yellow, 
green, and blue in the intermediate spaces, which agrees with 
the first proposition, that lights which differ in colour do also 
differ in refrangibility. The length of the image in the fore- 
going experiments I measured from the faintest and outmost red 
at one end, to the faintest and outmost blue at the other end, 
excepting only a little penumbra, whose breadth scarce exceeded 
a quarter of an inch, as was said above. 



PttOP. III. Theor. 3. — The suns light consists of rays differing 
in rejkx^ihility, and those rays are more rejlexible than others 
which are more refrangible. 

This is manifest by the ninth and tenth experiments, for in 
the ninth experiment, by turning the prism about its axis until 
the rays within it, which in going out into the air were refracted 
by its base, became so oblique to that base as to begin to be 
totally reflected thereby ; those rays became first of all totally 
reflected which before at equal incidences with the rest had 
suffered the greatest refraction. And the same thing happens 
in the reflexion made by the common base of the two prisms 
in the tenth experiment. 
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BOOK I. PART 2. 

Prop. V. Theor. 4. — WhUcncss and all grey colours between 
white and Hack may be compounded of colours, and tlie 
whiteness of the sun's light is compounded of all the 2>rimary 
colours mixed in a due propartion. 

Exper. 11. — Let the sun's coloured image PT (Fig. 23) fall 
upon the wall of a dark chamber, as in the third experiment of 
the first book, and let the same be viewed through a prism a b c, 
held parallel to the prism A B c, by whose refraction that image 
was made, and let it now appear lower than before, — suppose in 
the place s over against the red colour T. And if you go near 
to the image P T, the spectrum s will appear oblong and coloured 




s 
o 




Y\c. IX 



like the image PT; but if you recede from it, the colours of the 
spectrum s will be contracted more and more, and at length 
vanish, that spectrum s becoming perfectly round and white : 
and if you recede yet farther, the colours will emerge again, but 
in a contrary order. Now that spectrum s appears white in that 
case when the rays of several sorts which converge from the 
several parts of the image P T, to the prism abc, are so refracted 
unequally by it, that in their passage from the prism to the eye 
they may diverge from one and the same point of the spectrum 
s, and so fall afterwards upon one and the same point in the 
bottom of the eye, and there be mingled. 
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And farther, if the comb be here made use of, by whose teeth 
the colours of the image PT may be successively intercepted, the 
spectrum s when the comb is moved slowly will be perpetually 
tinged with successive colours ; but when, by accelerating the 
motion of the comb, the succession of the colours is so quick that 
they cannot be severally seen, that spectrum s, by a confused 
and mixed sensation of them all, will appear white. 

Prop. II. Theor. 2. — All homogeneal light has its prcyptr colour, 
answering to its degi*ee of refrangibility, and that colour 
cannot he changed hy reflexions or refrojctions. 

In the experiments of the fourth proposition of the first book, 
when I had separated the heterogeneous rays from one another, 
the spectrum p t formed by the separated rays did, in the 
progress from its end ^, on which the most refrangible rays fell, 
unto its other end <, on which the least refrangible rays fell, 
appear tinged with this series of colours, violet, indigo, blue, 
green, yellow, orange, red, together with all their intermediate 
degrees in a continual succession, perpetually varying. So that 
there appeared as many degrees of colours as there were sorts of 
rays differing in refrangibility. 

Exper. 5. — Now, that these colours could not be changed by 
refraction, I knew by refracting with a prism sometimes one very 
little part of this light, sometimes another very little part, as is 
described in the twelfth experiment of the first book (see Fig. 24). 
For by tliis refraction the colour of the light was never changed in 
the least. If any part of the red light was refracted, it remained 
totally of the same red colour as before. No orange, no yellow, no 
green or blue, no other new colour was produced by that refraction. 
Neither did the colour anyway change by repeated refractions, 
but continued always the same red entirely as at first. The like 
constancy and immutability I found also in the blue, green, and 
other colours. So also if I looked through a prism upon any 
body illuminated with any part of this homogeneal light, as in 
the fourteenth experiment of the first book is described, I could 
not perceive any new colour generated this way. All bodies 
illuminated with compound light appear through prisms con- 
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fused (as was said above), and tinged with various new colours, 
but those illuminateld with homogeneal light appeared through 
prisms neither less distinct, nor otherwise coloured, than when 
viewed with the naked eye. Their colours were not in the 
least changed by the refraction of the interposed prism. I speak 
here of a sensible change of colour : for the light which I here 
call homogeneal, being not absolutely homogeneal, there ought to 
arise some little change of colour from its heterogeneity. But if 
that heterogeneity was so little as it might be made by the said 
experiments of the fourth proposition, that change was not 
sensible, and therefore in experiments, where sense is judge, 
ought to be accounted none at all. 

Exper. 6. — ^And as these colours were not changeable by 
refractions, so neither were they by reflexions. For all white. 
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grey, red, yellow, green, blue, violet bodies, — as paper, ashes, 
red-lead, orpiment, indigo, bise, gold, silver, copper, grass, blue 
flowers, violets, bubbles of water tiuged with various colours, 
peacocks' feathers, the tincture of Lignum nephriticum, and such 
like, — in red homogeneal light appeared totally red, in blue light 
totally blue, in green light totally green, and so of other colours- 
In the homogeneal light of any colour they all appeared 
totally of that same colour, with this only difference, that some 
of them reflected that light more strongly, others more faintly. 
I never yet found any body which by reflecting homogeneal light 
could sensibly change its colour. 

From all which it is manifest, that if the sun's light consisted 
of but one sort of ravs, there would be but one colour in the 
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whole world, nor would it be possible to produce any neiv 
colour, by retiexions and refractions, and by consequence that 
the variety of colours depends upon the composition of light. 

DEFINITION. 

The honiogeneal light and rays which appear red, or rather make 
objects appear so, I call rubrific or red-making ; those which 
make objects appear yellow, green, blue, and violet, I call yellow- 
making, green-making, blue- making, violet-making, and so of the 
rest. And if at any time I speak of light and rays as coloured 
or endued with colours, I would be understood to speak not 
philosophically and properly, but grossly, and according to such 
conceptions as vulgar people in seeing all these experiments 
would be apt to frame. For the rays, to speak properly, are not 
coloured. In them there is nothing else than a certain power 
and disposition to stir up a sensation of this or that colour. For 
as sound in a bell or musical string, or other sounding body, is 
nothing but a trembling motion, and in the air nothing but that 
motion propagated from the object, and in the sensorium 'tis a 
sense of that motion under the form of a sound ; so colours in 
the object are nothing but a disposition to reflect this or that 
sort of rays more copiously than the rest, in the rays they are 
nothing but their dispositions to propagate this or that motion 
into the sensorium, and in the sensorium they are sensations of 
those motions under the foniis of colours. 



APPENDIX B. 

BURNING MAGNESIUM WIRE, A SOURCE OF LIGHT FOR 

PHOTOGRAPHIC PURPOSES.^ 

Another interesting practical application of our knowledge 
concerning the properties of the kind of light which certain 
bodies emit when heated, is the employment of the light evolved 
by burning magnesium wire for photographic purposes. The 

1 Prof«'.s8or Roflcoe on Siwctnim Analysis, Royal In«jtitntion of GroAt Britain 
Procc<*(linf(s, May 6, 1864. 
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spectram of this light is exceedingly rich in violet and ultra- 
violet rays, due partly to the incandescent vapour of magnesium 
and partly to the intensely-heated magnesia formed by the com- 
bustion. Professor Bunsen and the speaker in 1859 determined 
the chemically active power possessed by this light, and com- 
pared it with that of the sun ; and they suggested the application 
of this light for the purpose of photography. They showed ^ that 
a burning surface of magnesium wire, which, seen from a point 
at the sea's level, has an apparent magnitude equal to that of 
the sun, effects on that point the same chemical action as the 
sun would do if shining from a cloudless sky at a height of 
9'' 53' above the horizon. On comparing the visible brightness 
of these two sources of light it was found that the brightness of 
the sun's disc, as measured by the eye, is 524*7 times as great 
as that of burning magnesium wire, w^hen the sun's zenith dis- 
tance is 67** 22' ; whilst at the same zenith distance the sun's 
clumiccd brightness is only 36*6 times as great. Hence the 
value of this light as a source of the chemically active rays for 
photographic purposes becomes at once apparent. 

Professor Bunsen and the speaker state, in the memoir above 
referred to, that "the steady and equable light evolved by 
magnesium wire burning in the air, and the immense chemical 
action thus produced, render this source of light valuable as a 
simple means of obtaining a given amount of chemical illumina- 
tion ; and that the combustion of this metal constitutes so definite 
and simple a source of light for the purpose of photochemical 
measurement, that the wide distribution of magnesium becomes 
desirable. The application of this metal as a source of light 
may even become of technical importance. A burning magnesium 
wire of the thickness of 0*297 millimetre evolves, according to 
the measurement we have made, as much light as 74 stearine 
candles of which five go to the pound. If this light lasted one 
minute, 0*987 metre of wire, weighing 01 20 gramme, would be 
burnt. In order to produce a light equal to 74 candles burning 
for ten hours, whereby about 20 lbs. of stearine are consumed, 
72*2 grammes (2 J ounces) of magnesium would be required. The 

» Phil. Trans. 1859, p. 920. 
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magnesium wire can be easily prepared by forcing out the metal 
from a heated steel press having a fine opening at bottom : 
this wire might be rolled up in coils on a spindle, which could 
be made to revolve by clockwork, and thus the end of the wire, 
guided by passing through a groove or between rollers, could be 
continually pushed forward into a gas or spirit-lamp flame in 
which it would burn." 

It aflForded the speaker great pleasure to state that the fore- 
going suggestion had now been actually carried out. Mr. 
Edward Sonstadt has succeeded in preparing magnesium on the 
large scale, and great credit is due to this gentleman for the able 
manner in which he has brought the diflScult subject of the 
metallurgy of magnesium to its present very satisfactory position. 

Some fine specimens of crude and distilled magnesium weigh- 
ing 3 lbs. were exhibited as manufactured by Mr. Sonstadt's 
process, by Messrs. Mellor and Co. of Manchester. 

The wire is now to be had at the comparatively low rate of 3rf. 
per foot ; and half an inch of the wire evolves on burning light 
enough to transfer a positive image to a dry collodion plate ; 
whilst by the combustion of 10 grains a perfect photographic 
portrait may be taken ; so that the speaker believed that for 
photographic purposes alone the magnesium light will prove 
most important. The photochemical power of the light was 
illustrated by taking a portrait ^ during the discourse. In doing 
this the speaker was aided by Mr. Brothers, photographer, of 
Manchester, who was the first to iise the light for portraiture. 



APPENDIX C. 

ON THE CHEMICAL ACTION OF THE CONSTITUENT PARTS OF 

SOLAR LIGHT.* 

The chemical action effected by the several portions of the 
solar spectrum depends not only upon the nature of the refract- 
ing body, but also upon the thickness of the column of air 
through which the light has to pass before decomposition. In 

^ Of Professor Faraday. ' Hansen and Roscoe, Phil, Trans. 1859. 
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the following experiments we have employed prisms and lenses 
of quartz, cut by Mr. Darker of Lambotli, instead of glass 
prisms, which, as is well known, absorb a large portion of the 
chemically active rays. In order to render our experiments as 
free as possible from the irregularities arising from variation in 
the atmospheric absorption, the observations were made quickly 
one after the other, so that the zenith distance of the sun altered 
but very slightly. 

A perfectly cloudless day was chosen for these observations, 
and the direct sunlight reflected from the speculum mirror of 
a Silbermann's hehostat through a narrow slit into our dark 
room. The spectrum produced by the rays passing through 
two quartz prisms and a qtiai tz lens fell upon a white screen, 
which was covered with a solution of sulphate of quinine to 
render the ultra-violet rays and the accompanying dark lines 
visible. In this screen a narrow slit was made, tli rough which 
the rays from any wished-for portion of the spectrum could be 
allowed to pass, so as to fall directly upon the insolation vessel,^ 
situated at the distance of from four to five feet. A finely 
divided millimetre scale was also place<l on the screen, by means 
of which the distance between the Fraunhofer lines could be 
accurately measured, and the portion of liglit employed thus 
exactly determined. 

In order to recognize with accuracy the various portions of 
the spectrum, we employed a map of the dark lines prepared 
by Mr. Stokes, which he most kindly placed at our disposal. 
The figure (Fig. 15) contains a copy of Mr. Stokes's map, with the 
distance measured by him, and letters given according to his 
notation. We have divided the space between the letter A in 
the red to the last ray Stokes observed, w in the lavender rays, 
into 160 equal parts, and we represent the position and breadth 
of the bundle of rays which effected a given action upon the 
insolation vessel as follows : — If a bundle of rays lying between, 

* This vessel was filled with th« sensitive mixture of chlorine and hydrogen 
gases together with water. The chemically active rays effected a union of the 
gases, and the resulting hydrochloric acid gas heing absorbed by the water, gave 
a diminution of volume, directly pro[»ortional to the intensity of the acting 
chemical rays. 
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the abscissae 20*5 and 34 ia Fig. 15, page 28, had to be 
represented, we should call the edge of the bundle towards 
A, ^ D E, and that towards w, J f G, whilst the middle of the 
portion of the spectrum, which produces the action, we call 
" J D E to i F G." The breadth of this bundle of rays in which 
the insolation vessel was completely bathed was ^hf of *^® 
total length of the spectrum. 

The following table gives the direct results of a series of 
observations made by perfectly cloudless sky at Heidelberg 
on the 14th of August, 1857, under a barometric pressure of 
0*7494 m. The first column gives the numbers of the obser- 
vations in the order in which they were made ; Column II. the 
times of observation in true solar time ; Column III. the portion 
of spectrum under examination; and Column IV. the action 
corresponding to this portion. 



I. 


II. 


III. 


1 -v. 

1 




H. M. 




i 


1 


10 64 A.M. 


From J OH to I , . 


48-80 


2 


10 58 A.M. 


From i DE to E . . 


1-27 


3 


11 4 a.m. 


From C to 4 DE . . 


0-47 


4 


11 8 A.M. 


From Ni to J QR . . 


18-28 


6 


11 13 A.M. 


From J RS to i ST . 


2-03 


6 


11 41 A.M. 


From j ST to SUV . 


1-27 


7 


11 47 AM. 


From 4 N.Q to J RS . 
From j ST to S UV . 


11-73 


8 


11 50 A.M. 


102 


9 


11 54 A.M. 


From i IM, to N^ . . 


87-87 


10 


11 57 A.M. 


From Hi to j IM^ . . 


57-42 


11 


1 P.M. 


From Hi to j IMj . . 


52-80 


12 


4 P.M. 


From i GH to H . . 


6188 


13 


7 p.m. 


From 1 FG to G . . 


27-64 


14 


16 P.M. 


From i FG to G . . 
From 1 DE to F . . 


2874 


15 


20 P.M. 


1-39 


16 


25 P.M. 


From 4 N4Q to 4 RS . 


13-19 


17 


32 P.M. 


From 4 N4Q to j RS . 


12-41 


18 


40 P.M. 


From G to ^ GH . . 


63-78 


19 


42 p.m. ' 


From i GH to H . . 


58-74 


20 


45 P.M. 


From f GH to I . . 


53-9 



If the refraction of the unit amount of incident light which 
is reflected from the mirror of the heliostat at the commence- 
ment and at the end of the series of the experiments be 
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calculated, we get the numbers 0*644 and 0642, which diflfer so 
slightly that the variations brought about by the reOection may 
be neglected without overstepping the observational errors. At 
the times of observation on the 14th of August, 1857, the sun's 
zenith distance was as follows : — 



At lOh. 54m. a.m. 
At A.M. 
At 45 P.M. 



» / 



:i7° 35 

35 13 

36 16 



The chemical intensity of the sun's rays at these various periods 
may be calculated by formula (14). They are in the proportion 
of the numbers 1002, 1000, and 1016. Although the differ- 
ences between these numbers are but small, we have reduced 
all the observations to that chemical action which would have 
been observed if they had all been made at 12h. Om. A.M. 
upon the day in question. The following table contains the 
numbers thus reduced, the mean value having been taken of 
those observations which occur more than once : — 



No. I True sular time. , Pi>t»ition in the Sixictniin. 



1 
o 

a 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 



II. 

10 

10 

11 

11 

11 

11 

11 

11 













M. 

54 A.M. 
58 A.M. 

4 A.M. 

8 A.M. 
13 A.M. 
41 A.M. 
47 A.M. 
54 A.M. 

1 P.M. 

4 r.M. 

16 P.M. 

20 P.M. 
40 P.M. 



From 
From 
From 
From 
From 
From 
From 
From 
From 
From 
From 
From 
From 



^ GH to I . 
i DE to E . 
(.' to i DE . 
N, to 3 Q\i . 
A RS to i ST 
§ ST to S UV 
i N^Q to i KS 
i IMi to N. . 
Hi to i IMi . 
i OH to II . 
i FG to G . 
i DE to F . 
GtoJGH . 



I Relative 
I chemical 
action. 



52 

1 



18 

2 

1 

12 

38 

55 

60 

28 

1 

54 






The lines a a a a (Fig. 15, page 28) give a representation of 
the relative chemical action which the various parts of the 
spectrum, the rays of which have only passed tlirough air 
and quartz, eflfect on tlie sensitive mixture of cldurine and 
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hydrogen. It is seen that this action attains many maxima 
(;f which the largest lies by ^ G H to H, and the next at I, and 
also that the action diminishes much more regularly and rapidly 
towards the red than towards the violet end of the spectrum. 

The sun, when it was employed for these experiments, was 
35° 13' removed from the zenith. If the atmosphere were 
throughout of the density corresponding to 0-76 m. and 0° C, the 
perpendicular height which, during our experiment, it would 
have possessed, is 



0-74i>t 



= 7,881 metres. 



The depth of atmosphere through which the rays had to pass in 
this experiment was, however. 



7<n 

CtMJ 3j" 13' 



=3 9,047 metres. 



We have stated in one of our previous communications,^ 
that the solar rays which at different hours of the day pass 
through the same column of chlorine are altered in a very 
different manner. This shows that rays of different chemical 
activity are absorbed in very different ways by the air. The 
above results are therefore only applicable for sunlight which 
has passed through a column of air, measured at 0*76 m. and 0° C. 
of 9,647 metres in thickness. For rays which have to pass 
through a column of air of a different length from this, the 
chemical action of the various constituents of the spectrum must 
be different. The order and degree in which the chemical rays 
are absorbed may be obtained by repeating the observations 
according to the above method from hour to hour during 
a whole day. Such a series of experiments we have unfortu- 
nately as yet been unable to execute, owing to the variability 
of the weather in our latitudes. One very imperfect series of 
observations we can, however, quote, and they suffice to show 
that the relation between the chemical action of the spectral 
colours is perceptibly altered when the thickness of air through 
which the rays pass changes from 9,647 to 10,735 metres. 

» riiil Trans. 1JJ57, p. 617, kc. 
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These experiments were likewise made on August 14th, 
1857, in the short space of time from 9h. 44m. to lOh. lOm. a.m., 
and gave the following numbers reduced to the zenith distance 
(42** 46'), corresponding to lOh. Om. A.M. They were, however, 
made with a bundle of rays of a different thickness from the 
former experiments, and therefore cannot be compared with 
those. 



No. 



1 
»> 

3 
4 
5 
6 

/ 

8 



I 



Time. 



II. 

9 

9 

9 

9 

10 

10 

10 



M. 

44 A.M. 
48 A.M. 
54 A.M. 
59 A.M. 

4 A.M. 

8 A.M. 
11 A.M. 



Portion of Spectrum. 



10 15 A.M. 



From 
From 
From 
From 
From 
From 
From 
From 



•» Gil 



to J 

3 to K.2 . 

RoS 



ST 



N _ 

" aSto^ 

i ST to U . 

G to I GH . 

F to 5{ FG . 

i* to i FG . 
i DE to J EF 



Relative , 

eketuicral < 

action. 



14-5 
10-1 
2-4 

13 
71 
3-2 
0-4 



From this it is seen that the relation of the chemical action of 
the spectrum from the line E to the line H undergoes a consider- 
able alteration when tlie rays have to pass through a column of 
air 10,735 metres in height instead of 9,647 metres. 

An extended series of measurements of the chemical action 
of the several portions of the solar spectrum under various con- 
ditions of atmospheric extinction may prove of great interest, 
if, as we can now scarcely doubt, the solar spots appear at 
regular intervals and our sun belongs to the class of fixed stars 
of variable illuminating power. It is possible that such obser- 
vations, made during the presence and during the absence of the 
solar spots, may give rise to some unlooked-for relations con- 
cerning the singular phenomena occurring on the sun*s surface. 
Whether, however, the atmospheric extinction can ever be 
determined with sufficient accuracy to render visible the alter- 
ation in the Ught which probably occurs with the spots, is a 
question which can only be decided by a series of experimental 
investigations which must extend far beyond the scope of any 
single observer. 
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APPENDIX D. 

Description of Roscoe's Actinometer, modified by Mr. 
Horace Darwin, and manufactured by the Cambridge 
Scientific Instrument Company. 

The measurement of the chemical effect of total daylight 
is made in this instrument according to Roscoe's method by 
exposing a piece of sensitized paper to the light for known 
intervals of time at each hour. To effect this the piece 
of sensitized paper is fixed round a drum. This drum 
can turn on a horizontal axis, and the frame which 
supports it can slide horizontally. A piece of thin sheet brass 
is fixed over the drum and a hole is cut through it. It is so 
arranged that it presses down lightly on the top of the drum, 
thus a small piece of the sensitized paper is always exposed 
to the daylight, and the rest of the paper is in total darkness. 
Thus by the horizontal movement of the frame and the turning 
of the drum every part of the sensitized paper can be brought 
under the hole. We will suppose the instrument to be work- 
ing. The frame which supports the drum has a slow and 
continuous movement in a horizontal direction. Between the 
hours the drum does not turn, and it only moves slightly in a 
horizontal direction. At the hour the drum turns suddenly for 
a small part of a revolution, thus exposing a fresh piece of 
paper under the hole. After 2 seconds it again turns suddenly 
as before, exposing that piece of paper for 2 seconds. Similarly 
fresh pieces of paper are exposed fur 2, 4, 6, 10, 20, 40, 90 
seconds, and after this the drum does not rotate again till the 
next hour, when a similar set of movements takes place. 
Hence, between the hours there is a piece of paper exposed for 
57 minutes, and which is useless on account of the long ex- 
posure. Owing to the horizontal movement of the drum a 
fresh piece of paper is exposed when one complete revolution 
of the drum has taken place. 
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The mechanism by which this movement is eflfected is as 
follows : 

To the barrel of a clock (t.f., the barrel round which the gut 
from the weight is coiled and which drives the clock) a pinion 
is fixed. This pinion gears into a tooth-wheel, and on the 
arbor of this wheel a small barrel is fixed. When the clock 
is wound up this small barrel turns, and in so doing winds a 
piece of chain on it, and as the weight of the clock goes down 
this small drum turns slowly in the opposite direction, and the 
chain is slowly unwound from it. The other end of this chain 
is fixed to the frame which supports the drum, and which can 
slide horizontiilly. Thus if the chain is always kept taut, the 
drum will slowly move horizontally in one direction as the clock 
goea, and when the clock is wound up it will be pulled back 
into its original position. This chain is kept taut by a piece 
of gut, which is fastened to the other end of the frame, and 
thence passes over a pulley and is attaclied to a weight. The 
horizontal movement of the drum is thus given, and it only 
remains to explain the arrangement fur the rotatory move- 
ment. 

See Fig. 25. A is an arbor which has a tendency to turn in 
the direction of the arrow. The mechanism for doing this is 
not shown in the sketch, but is arranged thus : On the arbor 
is a pinion into which a wheel gears ; this wheel is made to 
turn by means of a weight attached to a string which is wound 
round a small barrel fixed to the same arbor as the ^vheel. 
B is a ratchet-wheel, which is not fixed to the arbor A, but 
turns freely on it in the direction of the arrow once in 3 minutes, 
by being geared to a wheel on the scape- wheel arbor of the 
clock. This gearing is not shown, in order not to complicate 
the sketch. An arm c is fixed to the arbor A. D is a pin 
fixed to the end of this arm, on this pin a piece E can turn, 
a pin F projects from the side of the piece E, and is so arranged 
that it can engage in the teeth of the ratchet-w^hcel B. A 
spring G tends to turn the piece E, so that if not prevented the 
pin F will be forced down between the teeth of the ratchet- 
wheel. We have seen that the arbor A tends to turn and carry 
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the arm C with it ; in the position shown in the sketch this 
turning is prevented by the hooked end H of the lever H K, this 
hook catches in the end of the piece E, and as the other end of 
this piece comes against a stop L the arm C is held in the posi- 
tion shown in the sketch, this stop is fixed to the arm c and 
projects from its side. In this position the pin F does not 
engage in the teeth of the ratchet-wheel B. The weight tending 
to turn the arbor A will keep the arm in this position. At 
the hour the hook H is raised, thus releasing the piece E, the 
spring G will then turn the piece E, so that the pin F will 
engage in the teeth of the ratchet-wheel. We have seen that 
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the ratchet-wheel is always turning at the rate of one turn 
in 3 minutes, and as the arbor A tends to turn in the same 
direction it will now turn at the same rate. Before the arm 
C has time to get round again to its original position the hook 
H has come down again, and thus the outer end of the piece 
E will hit against it, but the arm will go on for a short time 
till the other end of the piece E comes against the stop L. 
This movement throws the pin F out of gear with the ratchet- 
wheel and again holds the arbor A. Thus at each hour the 
arbor A takes one complete revolution in 3 minutes, and then 
remains at rest till the next hour, and so on. The manner in 



APPEND. P.] 



ACTINOMETBY, 



61 



which this regulates the turning of the drum will be explained 
further on. The lever H K can turn about its centre, and its 
end K rests on the edge of the disc M. This disc turns once 
an hour, and has a nick cut in its edge so that at the hour 
the end K falls into the nick and thus the end H is raised. 
The slanting side of the nick again raises K, and so lowers H 
before the end of the 3 minutes, at the end of which time the 
arm C returns to its original position ; the disc M is divided 
into 60 divisions, and can be set like the hands of a clock, i.e. 
it can turn with a stiff joint on the hour arbor ; thus it can 
be set so that the nick will come uppermost exactly at each 
hour. 

c 




Flo. 26. 



In Fig. 26, A represents the same arbor as A in Fig. 25, but 
a separate sketch is given in order to make them more clear. 
A disc B is fixed to the arbor. Thus at each hour this disc 
makes one complete revolution in three minutes. On the axis 
of the drum to which the paper is fixed, there is a small barrel, 
round which a cord is wound and a weight attached to the 
cord. Thus the drum tends to turn. This barrel is connected 
by a train of wheels with the arbor c D, which thus also tends 
to turn. For one turn of this arbor tlie drum turns through 
the right amount to expose a fresh piece of paper. Fixed to 
this arbor is a small arm c £. The point of this arm is made 
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small, and rests against the side of the disc. At varying in- 
tervals round the disc nicks b b are cut through its edge. The 
point of the arm c E is made so as to pass through these nicks. 
During the hour this point rests against the side of the disc 
between two nicks. When at the hour this disc turns, every 
time a nick comes opposite the point of tlie arm, the arbor c D 
gives one turn, and thus the drum turns through a fraction of 
a revolution, and a fresh piece of paper is exposed. This disc 
turns with jerks at each second as the clock ticks ; the point 
E passes through a nick during one of these jerks while the 
disc is moving comparatively quickly. Thus the intermittent 
movement of the drum takes place with considerable accuracy. 
Any required lengths of exposure can be given by putting the 
nicks in the corresponding places. The nicks are cut diagonally 
across the edge of the disc. This is done in order to prevent 
the possibility of the points E coming round so quickly as to 
pass through the same nick twice. 

The accompanying sketches must be taken merely as 
diagrams to show the principle of the mechanism. 

The above instrument is analogous in principle to that 
described by Professor Roscoe in the Philosophical Trans- 
actions for 1874, a modified form of which has now been 
continuously at work at South Kensington for several months. 

Mr. Horace Darwin's arrangement is in several particulars 
superior to the original form of the actinometer, and especially 
in requiring a smaller quantity of the sensitized paper. It has 
been tested by Prof. Roscoe and found to work perfectly. The 
instrument is now set up at South Kensington, and gives regular 
and reliable results. 

A special reading-oflF apparatus has been designed by Captain 
Abney, which greatly facilitates the readings, and renders the 
daily operations as simple and rapid as possible. 
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Continuous Spectrum of Tnojin<lc:'('oiit Solids. ---Efl\'ct of Iii(M'iM.so of ITeat. 

- — Broken Spectrum of jj;lowin^' (Jas. — Apj^licaliou to (^luMuical Analysis. 
— Spectra of the Elomi-ntarv P»(nli«'=«. — Construction uf Spectroscopes. — 
Cleans of obtaining Sulistanci's in the ptate of ^h»win;^ Cas. — Kxamina- 
tion of the Spectra of Coloured Flanu-s. — Mai)i)injjj Sj^'dra, accordin};; 
to Runsen. — iJelicacy of th»» Si>ei'trum Analyticnl M<;tho«l and its 
application to Physiolo^^iral Rfsts-irch. — Spectra 'if tin; ^Fetals of the 
Alkalis and' Alkaline Earths. — Ilistoriral Sketch. — Discovery of New 
Elements hy means of Sjiectrum Analysis. — Caf>iuin, Ihihidium, 
Thallium, Indium, Gallium. 

Appendix A. — Description of the Spectrum Rtractions r»f the Salts of the 
Alkalies and Alkaline Earths. 

Appendix B. — Bunsen and KirchhofT on the Mode «>f using a Spc(!troscope. 

Appendix 0. — lUmsen on a ^Fethoil <»f ma]>]Mn«z Spectra. 

Appendix D. — Spectrum Reactions of th<- Ivuhidiiim and Caesium Com- 
pounds. 

Appendix E. — Ccmtributions towards the Ifistorv of Spectrum Analysis hy 
O. Kinhhoff. 

In the last lecture I pointed out to you some of the chief 
properties of the light with which wc are now, I am glad to 
say, illumine<l — the light of the sun. I explaine«l that the 
white sunlight can be divide<l up into a large number of differ- 
ent coloured rays by means of the prism ; that these dift'erentiv 
refrangible rays possess different properties; that we find the 
heating rays chiefly situated at the red end, or in the least 
refrangible part. I showed that we could separate out by cer- 
tain means the li^ht ravs from the less refran'j:ible ultra-red 
rays, and obtain at the dark focus of these rays the phenomena 
of incandescence and of combustion, sluiwing that these rays 
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which do not aflfect the eye, are capable when brought together 
of producing ignition. We also saw that at and beyond the 
other end, the blue end, of the spectnun we have rays which 
have especially the power of eflfecting the decomposition of 
ordinary silver salts such as are commonly used in photography, 
though we must bear in mind that chemical compounds exist 
which can be decomposed by the green, yellow, and red rays, 
and that, therefore, the chemical rays, as distinguished from 
those which afifect the eye or from those which produce heat, 
cannot be said to exist. 

We proceed to-day in the examination of the action of heat 
upon terrestrial matter in so far as it evolves light. The ques- 
tion may very properly be asked, " What has all this to do with 
chemical analysis ? " It might be said, " It is true you have 
pointed out the difference between the various parts of the 
solar spectrum; but how is this connected with the analysis 
which we expect to be told about — with the method by means 
of which chemical substances may be detected or examined 
with a degree of accuracy beyond anything that has hitherto 
been attained ? " In order to enable you to answer this ques- 
tion, let us begin by examining the action of heat upon ter- 
restrial matter, and, in the first place, upon solid bodies. I have 
here the means of heating a long piece of platinum wire, first 
of all to redness, and by diminishing its length I shall be able 
to increase the temperature of the wire gradually until I raise 
it to the melting point of platinum. The first thing we observe 
when a solid body, such as this wire, is heated, is that it be- 
comes red-hot ; and that as we increase the temperature, the 
[light which it gives oflF increases in refrangibility, so that it 
lends by emitting light of every degree of refrangibility. I cannot 
show you on the screen the spectrum which this heated wire 
yields, simply because the intensity of light which it emits is 
insufficient for the purpose ; but if I were to allow the light to 
fall into my eye through a prism, I should see that the red rays 
become first visible, and that then a gradual increase in the 
refrangibility of the light occurs, and that successively yellow, 
green, blue, and violet rays will be emitted as the temperature 
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is increased up to a white heat, when all the rays of light are 
given oflF. 

I will endeavour to render this fact visible to you in a rougher 
way by heating the wire gradually up to whiteness, aud allow- 
ing the light to pass through these coloured glasses placed 
between you and the wire. At first, when it is red-hot, the 
glowing wire will be visible only through the red glass, none of 
tlie rays being able to pass through the blue glass ; or, in other 
words, there is no blue light given off : when the teniperature 
is increased, blue rays begin to be given off, and these can pass 
through the blue glass, as you now plainly see when I raise the 
temperature of the wire. Here I can increase the temperature 
of the wire until we get at a point at which I have no doubt 
you will be able to see that the blue rays are emitted ; and if 
I continue this and go on until the wire becomes intensely 
white-hot, you will see it through this blue glass perfectly well. 

Such then is the action of increased temperature upon solid 
bodies. If I had taken any other substance which I could have 
heated in the same way, I should have produced the same effect : 
for it has been found that all solid and liquid substances act in 
this same way with regard to increase of heat ; they all begin 
to be visibly hot at the same temperature, and the spectrum 
thus produced is in every case a continuous one.^ I may remind 
you that this is the case by again throwing on the screen the 
spectrum of the white-hot carbon points heated in the electric 
arc. Here we have this grand continuous band of light. The 
arrangements for producing this are simple enough. We re- 
quire to connect the terminal wires from about sixty pairs of 
Grove's or Bunsen's cells with the carbon electrodes of a 
Duboscq's lamp (e, Fig. 27) contained inside this lantern. The 
light passes through a narrow vertical slit (s), and by means of 
the moveable lens (c) a distinct image of the slit it thrown upon 
the screen (w w). A hollow prism filled with bisulphide of 
carbon (p^) is now introduced at the distance of about two feet 

* This law was discovered hj Draper (Phil. Ma^. 1847). The only known 
exception to this law is glowing solid Erbia, wliose Bjtcctriun ezliibits briglit 
lines ; see Appendix F to Lecture IV. 

F 
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from the lens ; next the lamp, with the arm carrying lens and 
prism, is turned round until the coloured band falls upon the 
screen, and the prism then adjusted to the angle of minimum 
deviation for the yellow rays. A second prism (p^ is then 
interposed, and the lamp and arm again turned so as to allow 
the lengthened spectrum to fall on the screen. A drawing of 
lamp, lens, and prisms, thus placed, is shown in Fig. 28. 

How does the case stand with respect to that important form 
of matter termed the gaseous ? Do gases when they become in- 
candescent all emit the same kind of light, like solids, or does 
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each chemically different gas emit a characteristic and peculiar 
kind of light ? I purpose now to show you that every different 
chemical element in the state of gas, when heated until it be- 
comes luminous, gives off a peculiar light, so that the spectrum 
of every element in the state of glowing gas is totally different 
from that of any solid body, inasmuch as, instead of giving 
a continuous spectrum, it presents a broken or discontinuous 
one CQntaining bright bands or lines, indicative of the presence 
of the particular elementary gas in question.^ I will illustrate 



^ Under pecaliar circamstances to be mentioned hereafter, certain dense incan- 
descent gases give continuous spectra. 
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a red culour to tbe flame. Here we have tiie beautiful non- 
luminous gas-flame produced by the combustion of coal gas 
mised with air, in what we know as the Buusen burner. The 
air aud gas mix in the chimney, the gas issuing from a jet at 
the centre of the foot, and the air entering by holes at the side ; 
the mixture bums with a light blue flame, which we can tinge 
with the peculiar colours of the alkalis by bringing a small 
fused bead of salt into the outer mantle of the flame on tbe 
loop of thin platinum wire (Fig. 29). Hero is another sub- 
stance called lithium ; if we bring the slightest trace of th^^ 




lithium salt into the flame, you perceive the magnificent 
crimson tint which it at once imparts to tbe flame : whilst in 
these other burners we see the colours due to the aalta ^ 
potassium, calcium, strontium, and barium. 

A most important olservation has now to be made, i 
that all the salts of sodium give off this yellow light wl« 
brought into the flame ; so, too, all the lithium compounds tT 
the flame crimson ; and this property of emitting a pecul 
hind of light is one of the moans by wliicli the presence i 
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these various chemical substances can be detected. Here I will 
produce a peculiar blue flame by a substance which diflers 
entirely from the foregoing in properties, viz. the non-metallic 
element selenium : it is a very volatile substance, and the blue 
flame lasts only for a short time. In these other flames we sec 
the characteristic green colours communicated to flame by salts 
of copper and boracic acid. 

I will next show you the same thing in other ways ; for 
instance, I can here produce a much larger flame, and show 
you the colour of the same salts. I have a large gas burner 
which, when urged by this blowpipe, gives us a colourless flame 
three feet long. If I hold in this flame pieces of pumice-stone 
moistened with solutions of the chlorides of sodium, potassium^ 
lithium, barium, strontium, and calcium, the colours imparted 
by these substances will be rendered evident. Again, I have 
another illustration in these gun-papers, which have been 
soaked in solutions of the chlorates of these metals and then 
dried. The combustion is rather quick, but by reflection on 
the white screen their peculiar colours come out well. Here 
you have the violet potash tint ; here the bright green colour 
characteristic of the barium compounds. The common fire- 
works of the stage are further illustrations of the peculiar 
colours produced by certain chemical substances. I may imitate 
the red fire by igniting some chlorate of strontium in coal gas ; 
we must melt the salt and then plunge it into the jar of burn- 
ing coal gas, when we get this splendid combustion of oxygen 
in coal gas coloured crimson by the ignited vapour of 
strontium salt. 

We have already seen that the quality of the light emitted 
by solid bodies varies with diff'erence of temperature. The 
quality of the light emitted by gaseous bodies, however, with 
certain exceptions — about which I shall have to speak sub- 
sequently — does not vary under change of temperature. Here 
I have the means of igniting some sodium salt at various tem- 
peratures. There, in the first place, is the bluish flame of 
burning sulphur, one of the coldest flames we can obtain, the ; 
temperature being about 1 ,820° Centigrade j then I next ignite J 
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thr: fl^Ti^e of kinilEL^ oairb:-a disu.phi-ie, hiviiii: a teacrerature 
of f!.:J20' C Hrr«=r -s-e ?-re the dime of o:>il gas burning mixed 
with air : if I cut on th-r air. w^ je: :Le ommoa luminous 
flariir of coal gis : bu: if I a!l>Tr iLe air :o mix wiih ii before 
it bum.?, tL»rn we have th:-* brau::iu! ni-a-Iaminou* dame. The 
temf^erature of this flicie has been calculaieJ to be f .350" C 
Here I have another je: from which the blue dame of carbonic 
oxide gas 'the b>iy wiiiori proiu«?es the blue lambent dame 
fr*,-<'iuentiv seen in coil nres- is seen bumin:? in oxv^en: the 
teriijierature of this dame is somewhat higher, and has been 
found to be over 3.000'. If I bring a little Ci>mmon salt 
Vxiium chloride) into these dam^rs, you observe that in all 
ca-^es we get them coloured vellow. I have here the beautiful 
purple flame of cyano^trn gas, which pi^ssesses a temperature 
of ^,3(j(y C, and y«ju see, when we bring the sodium salt 
into it, we have the same yellow colour produced : in other || 
words, we cannot get S'xlium vapjur either red-hot or blue-hot, P 
it alwavs remains vellow-hot ; that is to sav, the first moment 
that the sodium vapour becomes luminous, it gives off this 
prtrticiilar and ficculiar yellow light, and if we heat it more, the 
effect is not to alter the rcfranszibilitv of the ravs, but merely 
to inr;rea.se their intensity. 

Thus we see that when a bfMly becomes gaseous, the light 
which it gives off is of a particular kin<l, and does not undergo any 
gradual alteration when we increase the temperature. Another 
ex[x;riment may in<licate this to you still more clearly, and this I 
can make by means of the electric spark, which I have here the 
means of pnxlucing. The temperature of this electric spark is 
HO high that it has never been measured, but it is ceilainly j 
very much higher even than the temperature of any of the flames 
which we have just now used. Still, if I bring this piece of 
Kfxlinm salt into the electric spark, I find that the same thing 
ocrcurs — I get the same yellow-coloured light ; and if I take some 
other substance, such as lithium, and bring a small tmce of this 
substance first into the different flames and then into the electric 
spark, the pc^rmanent red colour which lithium vapour gives off I 
will in each case be clearly seen. f 
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Now the methods by means of which we caD obtain bodies in 
the state of luminous gas vary with the nature of the substance ; 
but I would beg you to understand that the property which we 
have noticed with regard to sodium and the other alkalis is not 
confined to those bodies which have the power of being volatilized 
in such a flame as I have burning before me. This property 
belongs to matter in general; it belongs to every chemical ele- 
ment ; and if we can by any method get the vapour of a chemical 
element so hot as to become luminous, we find that the light 
emitted by it is peculiar to itself, and is distinctive of that special 
body, whether under the ordinary circumstances the element be 
gaseous, solid, or liquid. Hence you see that we have at last 
reached the principles upon which the science of spectrum 
analysis is based, by means of which we can detect the presence 
of any of the elementary bodies when they can be obtained in 
this state of blowing gas. 

We muslrBWfpasTon to tlie consideration of the various 
methods by which the elements can be obtained as luminous 
gases. I purpose to confine our attention in this lecture to the 
method by which we can detect the presence of the metals of 
the alkalis and alkaline earths. Let me, however, first point 
out to you the kind of spectrum which we obtain when we look 
at any one of these variously-coloured flames through a prism or 
spectroscope, the construction of which we will now briefly 
consider. 

The simplest form of spectroscope which Bunsen adopted in 
his first experiments is represented in Fig. 30. It consists of a 
common hollow prism (f) placed in a box ; a telescope (c) is fixed 
at one side of the box, and a slit is placed at one end of a tube 
having a lens at the other end, in order to obtain a pure 
spectrum, and to render the rays parallel ; this is called a colli- 
mator. This collimator (b), the employment of which was first 
proposed by Professor Swan of St. Andrews so long ago as 1856, 
is fixed at the other side of the box. The substance to be ex- 
amined is placed in the non-luminous Bunsen's flame, and the 
light passing through the slit falls upon the prism, and having 
been split up into its constituent parts, the differently coloured 
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rays pass through this telescope, are magnified, and then fal 
upon the retina. In Fij?, 31 we have the more perfect form o9 




the instrument represented, as made by Steiuheil of Munich.'^ 
With this we are enabled to use two flames, and the apparatiH 




is so arranged that we can e 
the other. The rays from o 



3 the two spectra placed one abov^ 
e of the flames pass direct throu^ 



' This iiiHtramrnt rnnflistn of h prism {a\ fixed upon R firm Iron Btand, al 
tnhe (t) carrying tlie alit (rf), aeeu nii an unlHrced euala in Fig. 3S«, thren 
wiiich the raV9 from Ihn coloured lliiinca (t nnd i* full npon thn prism, b* 
rendered pikntllol by ptmlug thrangh n. li'n^. The light lisviuK lieaii refVacted,] 
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the upper part of the slit, whilst those (a) from the other flame, 
placed on one side, are reflected (by total internal reflexion) from 
the surface of the prism through the lower part of the slit in the 
direction indicated by Fig. 32. The object of this superposition 
of the spectra is evident : it is to enable us to sec whether the 
substance under examination really is the body which it is 
supposed to be. For instance, putting a small quantity of the 
substance we know to contain sodium in this flame, we place a 
substance supposed to contain sodium in the other flame, and 
then by means of a small reflecting prism placed on the end of 
the slit, we have the spectra of these two flames sent into the 
telescope one above the other, so that we see at the same time 
the spectrum of the pure sodium and the spectrum supposed to 
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be that of sodium ; and we can readily observe whether the lines 
coincide. If they coincide, and the two spectra have these lines 
exactly continuous one below the other, then we are quite 
certain that sodium, or any other substance which we may have 
been investigating, is present. Another arrangement for facili- 
tating the comparison of spectra consists in the illuminated 
millimetre scale contaiued in the tube g (Fig. 31), a magnified 
reflexion of which is thrown into the telescope from the surface 
of the prism. The illuminated scale is thus seen between the 



received by the te1e8C0])e (/), and the imnge magnified before reaching the eye. 
The rays from each flame are made to pass into the tsh*8Cope (/) ; one set through 
the upper uncovered half of the slit, tne other l>y reflection from the sides of the 
small prism (c), Figs. 32, 32a, through the lower half; thus bringing the two 
spectra into the field of view at once, so as to be able to make any wislied for 
comparison of the lines. The small luminous gns flame (A), Fig. 31, is placed so 
as to illuminate a fixed scale contained inside the tube (y) : this is reflected from 
the surface of the prism {a) into the telcscojK', and serves as a means of measuring 
the position of the lines. 
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two superiiupospiJ spectra, and the position of any line or lines 
can be accurately determined. The further arrangements — 
mechanical and optical — of these instruments I need hardly 
trouble you with in detail. I have here a variety of spectro- 
ecopea kindly lent to me by a maker, Mr, Browning; one with 
one, one with two, one with three, and one with four prisma. 
The more prisms we employ, of course the greater dispersion we 
get, the more is the li^'ht drawn out into its special varieties, and 
the greater also ia the intensity of the light which it is necessary 
to employ in order to get the rays to pass through this greater 
number of prisms. 




I will next show you a drawing of the actual arraugemn 
used by Kirchhoff (Fig. 33). There you see the prisms 
employed, four in number, placed one behind another on a 
horizontal table of cast iron. The light passes through the slit 
at the end of this tube, H«re (top of Fig. 33) is an enlarged 
representation of the slit, the breatlth of which can be altered at 
pleasure by means of the screw; on this slit is place<) a small 
reflecting prism to enable us to get two superposed spectra. The 
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light passes through the fine vertical slit, the rays are rendered 
parallel by the lens fixed at end of the tube (a) ; it then passes 
through these four prisms, and the rays thus split up into 
constituent parts fall on to the telescope (b), at the end of which 
the eye is placed. This, then, gives you the simplest, and 
at the same time the most delicate and complete form of 
spectroscope. 

We have here representations as truly painted as possible 
(see Frontispiece) of what is seen when we allow a light 
from such coloured flames as those which have been burn- 
ing to fall on to the retina through a spectroscope properly 
arranged. 

At the top of the diagram (No. 1) is a drawing showing a 
solar spectrum, and underneath we have the spectra of the 
alkalis and alkaline earths, potassium (No. 2), sodium (No. 7), 
and lithium (No. 8), calcium (No. 9), strontium (No. 10), and 
barium (No. 11), together with the two new metals, rubidium 
and csesium (Nos. 3 and 4), discovered by Bunsen, about which I 
shall aftei-wards speak ; also the spectra of thallium and indium 
(Nos. 5 and 6), two other new metals, the first of which was 
lately discovere<l by our countryman Mr. Crookes, and the 
second by two German chemists, Messrs. Reich and Richter. 
You will perceive in the first place that each of these spectra is 
diSerent from the others, although they all possess the common 
characteristic of containing bright lines or bands, which occur in 
various portions of the spectrum and indicate the peculiar kind 
of light which these various bodies, when brought into a state of 
glowing gas, emit. The sodium flame, when observed by means 
of the spectroscope exhibits only one bright double yellow line 
together with a faint continuous spectrum ; in other words, this 
light is monochromatic, or nearly so : almost all the light which 
glowing sodium vapour gives oif is light of one degree of 
refrangibility, and the spectrum is confined to one very narrow 
yellow band. The red light, which we saw was due to the 
presence of lithium, when seen through a prism gives this 
beautiful red line, together with this paler orange line. I need 
not describe the more complicated spectra of strontium, calcium, 
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and barium : suffice it to say that each yields peculiar bright 
bands, perfectly characteristic of the metal in question, as is 
seen at once by reference to the drawings.^ 

For the purpose of enabling an observer unacquainted with 
the spectra to identify with certainty the presence of any of the 
foregoing metals by means of their bright lines, and to lay down 
their positions in his own instrument, the following method of 
mapping the spectra has been devised by Bunsen. The milli- 
metre scales (Fig. 34) represent the illuminated divisions seen 
with the scale of the spectroscope (g, Fig. 31) : the exact 
position of the bright lines in any spectrum is shown by the 
black marks below the divisions ; whilst their breadth, intensity, 
and gradation are indicated by the breadth, depth, and contour 
of these blackened surfaces. When the spectrum contains a 
continuous portion of light, this is shown by a continuous black 
band above the divisions. The positions of the fixed solar lines 
are given on the first horizontal scale, and those of the most 
prominent bands in several of the elements are placed as 
fiducial points at the bottom of the map.^ 

Having thus made ourselves acquainted with this new mode 
of chemical analysis, we may ask, "What improvement is 
this upon our ordinary chemical methods ? What benefit is 
it to us that barium gives us these peculiar bands, that strontium 
yields certain different bands, that calcium produces others 
again ? We know already that the chemical reactions of these 
bodies are very diflferent, and we can detect these substances by 
ordinary chemical analysis." The answer to this is, that the new 
method is far more delicate than anjrthing which we have 
hitherto employed, so delicate indeed as almost to pass belief, 
so that we have hereby obtained a means of examining the 
composition of terrestrial matter with a degi'ee of exactitude 
hitherto unknown. 

I will try to give you some idea of the delicacy of these 
spectrum reactions. I can show that the reaction for sodium is 
so sensitive that we can detect the presence of this element 

' For the special description of tliose spectra see Apinindix'A, p. 94. 
' For further iiifomiatiou see Appendix C, p. 106. 
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everywhere. There is not a speck of dust or a mote seen 
dancing in the sunbeam which does not contain chloride of 
sodium. Sodium is a prevailing element in the atmosphere ; we 
are constantly breathing in portions of the compound of this 
elementary substance together with the air which we inhale. 
Two-thirds of the earth's surface is covered with salt water, and 
the fine spray which is continually being carried up into the air 
by the dashing of the waves evaporates, leaving the minute 
specks of salt which we see dancing as motes in the sunbeam. 
If I clap my hands, or if I shake my coat, or if I knock this 
dusty book, I think you will observe that this flame becomes 
yellow, and this not because it is the hand or coat of a chemist, 
but simply because the dust which everybody carries about with 
him is mixed with sodium compounds. When I place in the 
colourless flame this piece of platinum wire, which has been 
lying on the table for a few minutes since I heated it red-hot, 
you see there is sodium in it; there, we have for one moment a 
glimpse of a yellow flame. If I heat the wire in the flame, the 
sodium salts will all volatilize, and the yellow tinge will quite 
disappear ; but if I now draw the wire once through my fingers, 
you observe the sodium flame will on heating the wire again 
appear. If I draw it through my mouth and heat it again, it 
will be evident that the saliva contains a very considerable 
quantity of sodium salts. Let me leave the wire exposed here, 
tied round this rod, so that the end does not touch anything, for 
ten minutes or a quarter of an hour ; I shall then obtain the 
sodium reaction again, even if the wire be now perfectly clean. 
This is because sodium salts pervade the atmosphere, and some 
particles of sodium dust flying about in the air of the room 
settle on the wire, and show their presence in the flame. 

In the short historical sketch of the subject which I hope 
presently to lay before you, we shall see that this constant 
reaction of sodium puzzled the old observers very much. They 
thought this reaction must be due to the presence of water, for 
there was no other substance which was so widely diffused ; 
and it is only recently that this yellow reaction has been 
recognised as being due to this metal, sodium. 
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To refer for a moment to the distribution of lithium com- 
pounds : we must remember that this substance, giving the 
beautiful red flame which you saw just now and the spectrum 
exhibiting the one bright red line, was until lately only known 
to exist in three or in four comparatively rare minerals. The 
moment, however, we come to examine substances by the 
method of spectrum analysis, we find that the brilliant red line, 
which is characteristic of the presence of lithium, occurs very 
frequently. And why, then, was not the red flame noticed 
before ? Because when the light was examined by means of the 
eye alone, its red colour was masked by the presence of 
sodium salts, and other substances affecting the flame, so that the 
red tint produced by the small quantity of lithium was unseen. 
But when we examine the flame with the prism, then all these 
lines range themselves into due order, no one interfering with 
the other. The presence of lithium may be thus easily detected, 
though it may be mixed with ten thousand times its bulk of 
sodium compounds, because, as you see by reference to this chart, 
the sodium line occurs in a different position to the lithium 
line, according to the differences in their refrangibilities. We 
now learn that this substance supposed to be so rare is found to be 
most widely distributed — not, it is tnie. in very large quantities, 
but still that it is one of the most widely diffused of the ele- 
mentary bodies. Lithium not only occurs in very many minerals, 
but also in the juice of plants, in the ashes of the grape, in tea, 
coffee, and even in milk; in human blood, and in muscular 
tissue. It has also been found by Dr. Bence Jones in many 
varieties of fruit and vegetables, in all the different kinds of 
wine, in ale and porter, and in bread. So who can tell what 
part this hitherto rare substance may not play even in the 
animal economy ? It has been also found in meteoric stones, in 
the water of the Atlantic Ocean, as well as in that of most 
mineral springs and many rivers. It is present in the ashes of 
tobacco, and, if we hold the end of a cigar in the colourless 
flame, we may always notice the red lithium line when the 
light is examined with a spectroscope. Dr. W. Allen Miller 
found lithium in very large quantities in the water of a spring 
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in the Wheal Clifford Mine in Cornwall.^ This water contains 
26 grains of lithium chloride in one gallon, and the spring flows 
at such a rate as to pour forth 800 lbs. of this salt every twenty- 
four hours ! 

Here, at the risk of some repetition, I may refer you to a 
diagram indicating concisely some of the most striking dis- 
coveries, and at the same time showing the great delicacy of the 
methods of spectrum analysis : — 

1. Sodium. 3000000 P^^ ^f ^ milligramme, or xg ooooooo part 
of a grain, of soda can easily be detected. Soda is always 
present in the air. All bodies exposed to the air show, when 
heated, the yellow soda line. 

2. ZUhium. loo^ooo P*rt of a milligramme, or goooooo P^^t 
of a grain, can easily be detected. Lithium was formerly only 
known to exist in four minerals : it is now found by spectrum 
analysis to be one of the most widely distributed elements. It 
exists in almost all rocks, in sea and river (Thames) water, in the 
ashes of most plants, in milk, human blood, and muscular tissue. 

3. Strontium, ■nn?(nny of * milligramme, or ^oooooo of * grain 
of strontia is easily detected. Strontia has been shown to exist 
in very many limestones of different geological ages. 

4. Calcium, loo^ooo of * milligramme, or j oooooo of a grain, 
of lime can be easily detected. 

5. Cocsium and Rubidium. These new alkaline metals were 
discovered by Bunsen in the mineral waters of Baden and Diirk- 
heim. Forty tons of mineral water yielded 200 grains of the 
salts of the new metals. 

6. Thallium. A new metal discovered by Mr. Crookes in 1861 
distinguished by the splendid green line which its spectrum 
exhibits. It is found in iron pyrites, and resembles lead in 
its properties. 

7. Indium. Discovered in zinc blende by Professors Reich and 
Richter in 1864 : found in very minute quantities. It is dis- 
tinguished by one blue and one indigo coloured band seen in its 
spectrum. 

8. Gallium. Discovered in blende from the Pyrenees by M. 

* Chem. News, z.*181. 
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Lecoq de Boisbaudran in 1875. Its spectrum consists of two 
bright violet lines which are best seen in the electric spark 
spectrum. 

I will now endeavour to illustrate, by means of the electric lamp, 
the fact that all these bodies give off coloured lights, and that 
each of these coloured lights is of a peculiar kind ; and I would 
wish first to show you that when we bring a small fraction of a 
grain of common salt, chloride of sodium, on to the lower carbon 
of the lamp, we obtain a distinct yellow band which was not seen 
before, for previously, you will remember, we had a perfectly 
continuous spectrum. This yellow band is due to the presence 
of sodium. You will probably see that there are other bands 
present as well as the sodium band, because it is impossible 
to obtain any carbon which is perfectly free from other chemical 
salts, and the minute amount of impurities which exist in the 
carbon comes out as evidence against us on the screen ; yet 1 
think you will see that we have the sodium line more distinctly 
visible than anything else. 

No other metal but sodium gives this yellow band ; still I 
must beg you to understand that this rough representation is 
not exactly that which ycu would see if you were to look at the 
yellow soda flame through a prism, by means of an accurate 
spectroscope. I would wish you to remember that this yellow 
line is in reality double when examined with a perfect optical 
arrangement, and that these lines are very fine, placed close to- 
gether, and become finer as the slit is narrowed. It is only be- 
cause the arrangements I have to employ here for the purpose of 
exhibiting these lines on the screen are, optically considered, very 
crude and rough, that we get any appreciable breadth of this line. 
Now allow me to show you the light which the substance 
lithium gives off. For this purpose I will bring a little lithium 
salt on the same carbon, for by taking a new one we should not 
gain much, because, as I have said, all these poles are more or less 
impure. Here you observe the red line, which was not notice- 
able before. This splendid red band is due to the presence of 
lithium ; and when we see it through an accurate instrument, 
it appears, like the sodium lines, as fine as the finest slit of 

G 
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light which we can take. This bright red line is always found 
exactly in the same position ; and the fixity of these lines is in 
fact the most important principle involved in our inquiry : they 
are unalterable in refrangibility. 

I have next to direct your attention to the blue line which is 
now visible on my right. This is also caused by lithium, for 
when we heat up lithium vapour beyond a certain point, as high 
as I am now doing with the electric lamp, this blue band also 
becomes visible ; but it is not visible when the temperature of 
the incandescent lithium vapour is lower. The blue ray may 
perhaps always be given ofiF, even at lower temperatures ; 
for if light requires to be of a certain intensity before it can 
affect the retina and become visible, and if, in order that the in- 
tensity of the light may thus increase we must heat the vapour 
to a higher point, we have a complete explanation of the 
appearance of the blue line. It is important to notice that the 
positions of the red and of the orange lines seen at the lower 
temperature never shift or change the least when the temperature 
is changed. Hence the appearance of this red line is proof 
positive of the presence of lithium. In this lithium spectrum 
you will also notice the sodium line. We can never get rid of 
our friend sodium, he always remains steadfast to us ; in fact, we 
should be sometimes glad to dispense with his presence, but it is 
not an easy matter to induce him to leave us. 

As an interesting application of spectrum analysis, we must 
not forget the examination of the rate of circulation of the blood 
in the animal body lately made by Dr. Bence Jones and Dr. 
Dupr^, by means of observations of the red lithium line. 
Experiments made upon animals showed that when any 
lithium salt is taken in with the food, this metal can be detected 
very shortly afterwards in the most distant parts of the body, even 
where no circulation of blood exists, as for instance in the lens 
of the eye, proving the extraordinary rapidity with which the 
chemical circulation in the body goes on. Thus twenty-four 
minutes after injecting three grains of lithium salt under the skin 
of a guinea-pig the lithium was found to be present in the lens 
and in every part of the body, it only being necessary to bum a 
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portion of the animal tissue in a colourless flame in order to see 
the bright red line of lithium; ten mi antes after the injection 
lithium was found in small quantities in the lens but plentifully 
everywhere else; whilst four minutes after the injection the 
lithium w^as not found in the lens but plentifully in the a(|ueous 
humour of the eye, and in the bile. 

The same rapid diffusion of the lithium salts was shown 
to exist in the human body ; thus, for example, the lenses of 
several persons who had been operated upon for cataract were 
examined, the patients having previously partaken of lithia water. 
It was thus seen that in the human body 20 grains of carbonate 
of lithium will in three and a half hours penetrate through every 
part of the body, and be capable of detection in each particle of 
the lens. The rate of passage of salts out of the body can likewise 
be satisfactorily examined by the spectroscope, and thus spectrum 
analysis may be made materially to aid the physiologist in his 
researches into the chemistry and physics of the body. 

T shall next show you the spectra of metals of the alkaline 
earths. I will first bring a small quantity of strontium salt on to 
the pole, and we find that the strontium spectrum is characterized 
by a series of red lines, and also by a beautiful blue band almost 
identical, but not exactly so, with the blue line of lithium which 
I had the pleasure of showing you an instant ago. What a large 
numberof bands we have here, especially in the red ! Those red 
and blue bands are the ones to which 1 beg to draw your 
attention. These red lines now come out very distinctly; and 
we have here also the strong blue line flashing out brightly. 
This then is the strontium spectrum. In like manner I may show 
you the beautiful and characteristic spectrum of barium, with its 
five green bands ; and that of calcium, exhibiting special orange 
and green lines together with a purple band in the more 
refrangible part of the spectrum. 

Now let us suppose that we have a mixture of compounds of all 
the above substances which are capable of being volatilized, namely 
potassium, sodium, lithium, barium, strontium, and calcium, and 
let us expose this mixture to such a temperature that all the 
salts become volatilized, one after another ; we shall see, in the 

a 2 
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first place, that the bands of those substances which arc the most 
volatile appear first; that then, when these have burnt out, 
those next in order of volatility make their appearance ; and that 
those which are the least volatile come out last. Thus we have 
the beautiful appearance of what may be called a natural 
dissolving view. 

I place on the carbon poles a mixture containing a few grains 
of salts of all the above-mentioned metals. You see in the first 
place that the sodium line comes out at once, and afterwards the 
lines of the other metals gradually make their appearance. We 
have thus simply to place the smallest fraction of a grain of such 
a mixture as this before the slit of our spectroscope, and with 
the merest trace of substance we can in a moment obtain absolute 
and decisive evidence of the presence of all these elements, the 
lines coming out, as I said, like a dissolving view, one after 
another; and the quantity which we can thus detect is, we 
must remember, most minute. Here we have this splendid 
series of variegated bands, exhibiting the superposed spectra of 
all the substances I have mentioned. There you see the lithium 
red line ; here the less refrangible red line of potassium ; there 
the oranfje band of calcium and the red strontium bands : observe 
if you please, the two blue bands, one due to strontium and the 
other to lithium. 

But although Bunsen and KirchhoflF are the real discoverers 
of this method, because they carried it out with all due scientific 
accuracy and placed it on the sure foundation upon which it 
now rests, yet we must not suppose that the ground was before 
•their time absolutely untrodden. No great discovery is made all 
at onco. There are always stepping-stones by which such a 
position is reached, and it is right to know what has been 
previously done, and to give such credit as is their due to the 
older observers. 

So long ago as 1752, Thomas Melville, while experimenting 
on certain coloured flames, observed the yellow soda flame, 
although he was unacquainted with its cause. In 1822 Brewster 
introduced his monochromatic lamp, in which the soda light 
is used; the first idea, however, being due to MelviUe. A 
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simple experiment will prove to you the nature of this mono- 
chromatic soda light. I have here the means of producing 
a very intense soda flame, and I will throw the light on to 
this screen with difierent coloured letters. You will observe that 
no colour is noticeable in these letters. They appear in various 
degrees of shade or intensity, but no difference of colour is 
visible, because the light falling upon them is of a pure yellow 
tint. Now, if I throw a small quantity of magnesium powder 
into the flame, you will at once notice how brightly the various 
colours come out. We have here white light containing rays 
of every degree of refrangibility ; hence the different colours are 
rendered visible, each being able to reflect its own peculiar rays. 

Sir John Herschel, in the year 1822, investigated the spectra 
of many coloured flames, especially of the strontium and copper 
chlorides, and of boracic acid, and he writes in 1827 as follows: 
"The colours thus contributed by different objects to flame 
afford in many cases a ready and neat way of detecting 
extremely minute quantities of them." 

Fox Talbot, whose name is so intimately associated with 
the origin of the beautiful art of photography, makes the 
following suggestions respecting these spectra. Writing 
in 1826, he says : " The red fire of the theatres examined 
in the same way gave a most beautiful spectrum, with 
many light lines or maxima of light. In the red these 
lines were more numerous, and crowded with dark spaces 
between them " (these are the strontium lines which you see 
on the diagram), "besides an exterior ray greatly separated 
from the rest, and probably the effect of the nitre in the 
composition" (this is really the red potiissium line caused by 
the nitre). " In the orange was one bright line, one in the 
yellow, three in the green, and several that were fainter." 
The blue line which he mentions is the blue strontium line 
which we saw so plainly. *' The bright line in the yellow " 
(our friend sodium) "is caused without doubt by the com- 
bustion of sulphur." Talbot got wrong there, like many of 
the early observers. They did not suppose that so minute a 
trace of so<lium could produce that yellow light ; and even 
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Talbot says that the yellow line must be caused in certain 
cases by the presence of water. He continues : " If this 
opinion" (about the cause of formation of these lines) "should 
prove correct, and applicable to the other definite rays, a 
glance at the prismatic spectrum of a flame might show it to 
contain substances which it would otherwise require a laborious 
chemical analysis to detect." We cannot even now express 
the opinion entertained at the present moment more concisely 
than Talbot did in the year 1826. These early observers did 
not, however, determine the exact nature of the substance 
producing the colour, inasmuch as the extreme sensitiveness of 
this sodium reaction put them off the scent : they could not 
believe that sodium was present everywhere. 

Both Herschel and Brewster found that the same yellow light 
was obtained by setting fire to spirits of wine diluted with water, 
and Talbot also mentions cases in which no soda was, as he 
thought, present, and yet this yellow line always made its 
appearance. Hence he says, "The only matter which these 
substances have in common is water,'* and he throws out 
the suggestion that this yellow line is produced by the presence 
of water. In February 1834 Talbot writes : "Lithia and strontia 
are two bodies characterized by the fine red tint which they 
communicate to the flame. The former of these is very rare, 
and I was indebted to my friend Mr. Faraday for the specimen 
which I subjected to the prismatic analysis. Now it is very 
difficult to distinguish the lithia red from the strontia red with 
the naked eye, but the prism betrays between them the most 
marked distinction which can be imagined. The strontia flame 
exhibits a great number of red rays well separated from each 
other by dark intervals, not to mention an orange and a very 
definite bright blue ray. The lithia exhibits one single red ray. 
Hence I hesitate not to say, that optical analysis can distinguish 
the minutest portions of these two substances from each other 
with as much certainty as, if not more than, any known method." 
Still Talbot says further on, that " the mere presence of the sub- 
stance, which suffers no diminution in consequence, causes the 
production of a red and green line to appear in the spectnim." 



LECT. II.] HISTOmCAL SKETCH. 87 

Professor William Allen Miller next made some interesting 
experiments in 1845 on the spectra of coloured flames pro- 
duced by the metals of the alkaline earths, and came still nearer 
to the result which we now find Bunsen and Kirchhofif arrived 
at in 1861. Diagrams of these spectra accompany the memoir, 
but they are not characteristic enough to enable them to be 
used as distinctive tests for the meta,ls, owing to the fact that a 
luminous flame was used. Hence the investigations of Miller in 
1845 attracted less attention than they deserved.^ The first 
person who pointed out this characteristic property of sodium 
was Professor Swan, in 1856, and it is to him that we owe the 
examination and first accurate determination of the very great 
sensitiveness of this sodium reaction. So much then for the 
history cf the method as applied to the detection of the well- 
known alkalis and alkaline earths. 

We will now pass on to the consideration of the new elements 
which have been discovered by spectrum analysis. And, in the 
the first place, I would direct your attention to the new alkali 
metals discovered by Professor Bunsen in 1860. Shortly after 
he made his first experiments on the subject of spectrum 
analysis, Bunsen happened to be examining the alkalis left 
from the evaporation of a large quantity of mineral water from 
DUrkheim in the Palatinate. Having separated out all other 
bodies, he took some of these alkalis, and found, on examining 
by the spectroscope the flame which this particular salt or 
mixture of salts gave off, that some bright lines ^vere visible 
which he had never observed before, and which he knew were 
not produced either by potash or soda. So much reliance did 
he place in this new method of spectrum analysis, that he at 
once set to work to evaporate so large a quantity as forty-four 
tons of this water in which these new metals, which he termed 
ccesium and ruhidium, were contained in exceedingly minute 
quantities. 

In short, he soon succeeded in detecting and separating the 
two new alkali metals from all other elements, and the complete 

* See extract in Appeiidix E. from Kirchhoff *8 " Coutributions to the History 
of Si)cctrum Analysis," Phil. Mag., Fourth Series, vol. xxv. p. 250, 1863. 
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examination of the properties of their compounds which he 
made with the veiy small quantity of material at his disposal 
remains a permanent monument to the skill of this great 
chemist. Both these metals occur in the water of the 
Diirkheim springs. Bunsen's analysis of the mineral waters of 
Diirkheim and of Baden-Baden will be found in the Second 
Memoir on Spectrum Analysis^ published in 1861. 

The quantity of the new substances contained in the water 
from the Diirkheim springs is excessively small, amounting in one 
ton to about three grains of the chloride of caesium and about 
four grains of the chloride of rubidium ; whilst in the Baden- 
Baden spring we have only traces of the caesium chloride, and 
a still smaller quantity than in the other spring of the rubidium 
chloride. From the forty-four tons of water which he evapo- 
rated down, Bunsen obtained only about 200 grains of the 
mixed salts. You will easily appreciate the delicacy and 
accuracy of a method by which the presence of so minute a trace 
of the new metals as that contained in the water could be so 
readily detected. 

Let me show you, in the first place, the colours produced by 
these two new metals w^hen brought into a non-luminous gas 
flame. We have already noticed the beautiful violet tint 
which the potash flame exhibits. The tint yielded by these 
two metals is very similar to this, and in fact, not only in 
the character of the light which they emit, but in all their 
chemical properties, the compounds of both the new bodies 
resemble potassium compounds very closely. Here I bring a 
small quantity of rubidium salt into the flame, and you observe 
the beautiful purple colour with which the flame is tinged. 
Now I throw in a little caesium salt, and you notice we get 
a very similar kind of tint, rather more red, but still scarcely 
to be distinguished from the violet potash flame burning 
alongside. 

If I next show you the spectra of caesium and rubidium on 
the screen, and compare them with the spectrum of potassium 
(see Frontispiece, Nos. 2, 3, and 4), you will see that the 
spectra of these three metals exhibit (in accordance with their 
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correspondence in other chemical properties) a striking analogy. 
Each of the three metals possesses a spectrum which is con- 
tinuous in the middle, showing that under certain circumstances 
gases may emit light of every degree of refrangibility, and 
decreasing in intensity towards each end. In the case of 
potassium the continuous portion is most intense, in that of 
rubidium less intense, and in the csesium spectrum this 
luminosity is least. In all three we observe the most intense 
and characteristic lines towards both the red and blue ends of 
the spectrum. The metal rubidium, as its name impUts, is 
characterized by two splendid deep red lines (see Frontispiece, 
No. 3), both less refrangible than the potassium red line ; but 
the two violet lines are even more characteristic, and serve as 
the most delicate test of the presence of the metal. No less 
than the 0'0002 part of a milligramme of rubidium can be 
detected by the spectrum reaction. The caesium spectrum 
is chiefly characterized by the two blue lines from which it 
derives its name ; they are remarkable for their brilliancy and 
sharpness of definition : while it is singular that caesium 
exhibits no red lines whatever. 

Since the discovery of these two bodies by Bunsen in 1860, ; 
chemists have been on the look-out for them, and have 
both of them in very diflerent situations ; one of them, 
dium, being comparatively widely distributed. The celebrated 
French waters of Bourbon ne-les-Bains contain 0032 gnu. of 
chloride of caesium and OOlO grm. of chloride of rubidium 
in one litre of water; whilst in the well-known mineral 
springs of Vichy, Gastein, Nauheim, Karlsbrunn, and many 
more, either one or both of the new metals has been discovered. 
And here the thought strikes one, that the presence of these 
metals, even in such minute quantities, may possibly exert a 
not unimportant influence upon the medicinal qualities and 
effects of the waters. Rubidium has been found to be very 
widely diffused ; it has been found in beetroot, in tobacco, in 
the ash of the oak (the Qaercus puhescens), in coffee, in tea, 
and in cocoa: indeed of the new metals it is only rubidium 
which is found in vegetables and in vegetable products ; whilst 
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both new metals are found in tolerably large quantities in 
certain minerals, especially in lepidolite and petaJite. 

One very interesting example of the occurrence of the metal 
caesium has been observed in a mineral termed pollux, which was 
analysed in the year 1846 by the well-known chemist Plattner, 
and supposed to contain potassium. In calculating out the results 
of his analysis Plattner invariably found a considerable loss, the 
cause of which he was unable to account for. Spectrum analysis 
has now explained this anomaly, for since the discovery of the two 
new metals it has been found that it was not potassium, but 
the new metal csesium, which was present, of the oxide of 
which no less than 34 per cent, is contained in this mineral. 
The want of agreement of the former analysis is therefore 
wholly attributable to the diflference of the combining weights 
of these two bodies ; that of potassium being only 39'1, whilst 
cuesium is 133; and if we use this last number in the cal- 
culation, we find that Plattner s analysis comes up exactly, as 
it ought to do, to 100 parts. So closely indeed are caesium and 
potassium allied in their chemical characters, that it is only by 
the discriminating power of spectrum analysis that we have 
been able to ascertain even the existence of the new metaL 

Having once proved the existence of these two new ele- 
mentary bodies, Bunsen was of course easily able to find the 
means of separating them accurately one from the other and 
from the well-known substance potassium ; and at the present 
day the chemical history and characters of these two metals and 
their compounds are as well known as those of the common 
alkalis. 

The reaction by which Bunsen separated the new metals 
from potassium can easily be rendered visible to you. I have 
here a small quantity of rubidium chloride in solution, and 
here again I have a solution of the double chloride of potas- 
sium and platinum. 

The chloride of rubidium and platinum is much less soluble 
than the corresponding potassium compound, and hence, if I 
add the potassium double-chloride to this rubidium salt, I shall 
have a precipitation of the double chloride of rubidium and 
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platinum; and this will indicate to you the mode by which 
Bunsen separated these two metals from each other. 

Here you observe by pouring in this solution the liquid at once 
becomes turbid, and wo get a very considerable quantity of a 
heavy yellow granular precipitate of the new rubidium compound. 

It is unnecessary now to enter into tlie analytical methods by 
which caesium can be separated from rubidium ; it is sufficient 
to state that one of these methods is based upon the different 
solubilities of the tartrates of the new metals, the acid tartrate 
of caesium being much more soluble than the corresponding 
rubidium salt 

The isomorphous relations between the salts of rubidium 
and caesium and those of potassium also point out the striking 
chemical analogy subsisting between these interesting bodies. 

Shortly after the discovery of these two new alkaline metals 
the existence of a third new elementary substance was made 
known by our countryman Mr. Crookes. In the year 1862 he 
sent to the Exhibition a very small portion of a substance 
which he stated was a new element obtained from a certain 
seleniferous deposit from a sulphuric acid manufactory at 
Tilkerode in the Hartz. This body gives a most beautiful 
green tint to flame. If I bring a small quantity of this 
element into the flame, you see that it produces this exquisite 
green colour. And this was the reaction by which it was 
discovered. Mr. Crookes proved that this green light was due to 
some new elementary body ; then he separated out the substance, 
and gave to it the name thallium, from tJiallus, a green twig. 

Now the spectrum of thallium is very distinct and specific, 
consisting of one bright green line. I will show it to you with 
the electric lamp. Here you see this magnificent green band 
(Frontispiece, No. 5). The spark-spectrum of thallium is 
rather more complicated, as it exhibits five other lines in 
addition to the bright one in the green.^ The line Tl a pos- 
sesses a wave-length of 5349 ten-millionths of a millimetre, 
and when examined with a one-prism instrument appears to 
be coincident with one of the barium lines. This apparent 

^ Miller, Proc. Boy. Soc., 1863, p. 407. 
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coincidence is, however, resolved when examined by a higher 
magnifying power. The chemical properties of this substance are 
very remarkable. It stands aboat half-way between lead and 
the alkalis, resembling in many of its characters the metal 
lead, and in others potassium, so that it has been well described 
by Dumas as the " ornithorhynchus " amongst the metals. Thal- 
lium can, however, be perfectly separated from the alkalis and lead 
by means of the insolubility of its chloride and the solubility of its 
sulphate. The specific gravity of thallium is 11*8 ; its combining 
weight is a very high one, 204 ; and it acts as a monad metaL 
forming an oxide having the formula Tl^O, and a chloride TlCl. 

The properties of thallium have been examined by a French 
chemist, M. Lamy, as well as by Mr. Crookes. It has been 
found to exist in very large quantities in certain varieties of 
iron pyrites, a substance from which we manufacture almost 
all our sulphuric acid. 

The metal thallium can be easily obtained in the metallic 
state from its salts. This I can readily render evident to you 
all. We can here decompose a solution of the sulphate of 
thallium by a current of electricity, and then we shall observe 
the metallic thallium shooting out as a beautiful arborescent 
growth on the screen. Here you see the crystals of metallic 
thallium stretching out their long branches all over the screen. 

The soluble salts of thallium act as a cumulative poison : 
they have been found in large quantities in animals which have 
been poisoned by this substance. The method for determining 
or detecting the presence of thallium in such a poisoned animal 
by means of spectrum analysis is extremely simple. If we had 
such a means of detecting some of the other metallic poisons 
as readily as that of thallium, the work of the toxicologist 
would be extremely easy ; except that under these circum- 
stances the very delicacy of the test becomes in itself a danger, 
as the most minute trace of the poisonous metals which might 
by chance be present would in this way be as easily detected as 
a larger quantity. 

There are still two other elementary bodies of which I have 
to speak, namely, the metals indium and gallium. 
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Indium was discovered in 18^4 by two German professors, 
Reich and Ricbter, of tbe celebrated Mining School of Freiberg. 
It also was detected by the peculiar spectrum which consists 
simply of two indigo-coloured lines. These lines are best seen 
when a bead of an indium compound is held between two 
electrodes from which a spark passes. The lines In a and In /3 
fall respectively upon divisions 107'5 and 140 mm. of the 
photographic scale of the spectroscope, when Na a = 50 and 
Sr S = 100 5. (See Frontispiece, No. 6.) It was discovered in 
certain zinc ores, and has only been found in small quantities. 
Its chemical and physical characters have recently been care- 
fully examined. It is a silver-white metal, soft, ductile, and 
compact, melting at 176** C. Its combining weight is 113*4 
(0 = 16), and its specific gravity is 7*421 ; and it forms definite 
compounds, amongst which the trichloride InClg, the yellow 
trioxide lugOg and the corresponding nitrate and sulphate, are 
the most characteristic. Hence you will see that indium belongs 
to the triad family of metals. 

I can here show you the indigo colour which indium com- 
pounds impart to the flame ; and you now see on the screen that 
the spectrum of indium consists of two bright indigo-coloured 
lines, one situated in the blue and one in the violet portion ot 
the spectrum. Another example of the power of spectrum 
analysis in unravelling the secrets of nature is the discovery by 
M. Lecoq de Boisbaudran in 1875 of a fifth new metal, and 
patriotically called by him gallium, because it was first found 
in zinc blende from the Pyrenees. The spectrum of gallium 
consists, like that of indium, of two violet lines, but the position 
of these lines in the spectrum, or, to speak more correctly, their 
wave-length, differs entirely from that of the indium lines, for 
whilst the indium lines have the wave-length In a 4,509 ten- 
millionths of a millimetre, and In y8 4101, the wave-lengths of the 
gallium lines are 4040 and 4170 respectively. I need scarcely 
say that there is as yet no notion of any practical employment 
of any of these new substances, though chemists never can tell 
what important applications of their most recondite discoveries 
may not arise even in the immediate future. 
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LECTURE II.— APPENDIX A. 

EXTRACT FROM BUNSEN AND KIRCHHOFF'S FIRST MEMOIR ON THE 
SPECTRUM REACTFONS OF THE SALTS OF THE ALKALIS AND 
ALKALINE EARTHS.^ 

We now proceed to describe the peculiarities of the several 
spectra, the exact acquaintance with which is of practical 
importance, and to point out the advantages which this new 
method of chemical analysis possesses over the older processes. 

SODIUM. 

The spectrum reaction of sodium is the most delicate of all. 

The yellow line Na a (see Chromolith. Table, No. 7), the only 
one which appears in the sodium spectrum, is coincident with 
Fraunhofer s dark line D, and is remarkable for its exactly 
defined form and for its extraordinary degree of brightness. 
If the temperature of the flame be very high, and the quantity 
of the substance employed very large, traces of a continuous 
spectrum are seen in the immediate neighbourhood of the line. 
In this case, too, the weaker lines produced by other bodies 
when near the sodium line are discerned with diflSculty, and are 
often first seen when the sodium reaction has almost subsided. 

The reaction is most visible in the sodium salts of oxygen, 
chlorine, iodine, bromine, sulphuric acid, and carbonic acid. 
But even in the silicates, borates, phosphates, and other non- 
volatile salts, the reaction is always evident. Swan ^ has 
already remarked upon the small quantity of sodium neces- 
sary to produce the yellow line. 

The following experiment shows that the chemist possesses 
no reaction which in the slightest degree will bear comparison 

^ From Kirchhoff and Bunsen's first Memoir on Analysis by Spectrum Obser- 
vations (Phil. Mag. vol. xx. 1860). 

' Trans. Roy. Soc. Edin. vol. xxi. part iii. p. 411. 
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as regards delicacy with this spectrum-analytical determination of 
sodium. In a far comer of our experiment room, the capacity of 
which was about sixty cubic metres, we burnt a mixture of three 
milligrammes of chlorate of sodium with milk-sugar, whilst the 
non-luminous colourless flame of the lamp was observed through 
the slit of the telescope. Within a few minutes the flame, which 
gradually became pale yellow, gave a distinct sodium line, which, 
after lasting for ten minutes, entirely disappeared. From the 
weight of sodium salt burned and the capacity of the room, it 
is easy to calculate that in one part by weight of air there is 
suspended less than ^oooV uTny of a part of soda smoke. As 
the reaction can be observed with all possible comfort in 
one second, and as in this time the quantity of air which is 
heated to ignition by the flame is found, from the rate of issue 
and from the composition of the gases of the flame, to be only 
about 50 cub. cent, or 0647 grm. of air, containing less than 
gooo^ooo of sodium salt, it follows that the eye is able to detect 
with the greatest ease quantities of sodium salt less than 
y oooooo of a milligramme in weight. With a reaction so deli- 
cate, it is easy to understand why a sodium reaction is almost 
always noticed in ignited atmospheric air. More than two- 
thirds of the earth's surface is covered with a solution of chloride 
of sodium, fine particles of which are continually being carried 
into the air by the action of the waves. These particles of sea 
water cast thus into the atmosphere evaporate, leaving almost 
inconceivably small residues, which, floating about, are almost 
always present in the air, and are rendered evident to our 
eyesight in the sunbeam. These minute particles perhaps serve 
to supply the smaller organized bodies with the salts which 
larger animals and plants obtain from the ground. In another 
point of view, however, the presence of this chloride of sodium 
in the air is of interest. If, as is scarcely doubtful at the 
present time, the explanation of the spread of contagious disease 
is to be sought for in some peculiar contact-action, it is possible 
that the presence of so antiseptic a substance as chloride of 
sodium, even in almost infinitely small quantities, may not be 
without influence upon such occurrences in the atmosphere. 
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By means of daily and long-continued spectrum observations, 
it would be easy to discover whether the alterations of intensity 
in the line Na a produced by the sodium in the air have any 
connection with the appearance and direction of march of an 
endemic disease. 

The unexampled delicacy of the sodium reaction explains 
also the well-observed fact, that all bodies after a lensrthened 
exposure to air show the sodium line when brought into a flame, 
and that it is only possible in a few salts to get rid of the line 
even after repeated crystallization from water which had only 
been in contact with pi itinum. A thin platinum wire, freed 
from every trace of sodium salt by ignition, shows the reaction 
most visibly on allowing it to stand for a few hours in the air : 
in the same way the dust which settles from the air in a room 
shows the bright line Na a. To render this evident it is only 
necessary to knock a dusty book, for instance, at a distance of 
some feet from the flame, when a wonderfully bright flash of 
yellow band is seen. 



LITHIUM. 

The luminous ignited vapour of the lithium compounds gives 
two sharply defined lines ; the one a very weak yellow line, Li ff 
and the other a bright red line, Li a. This reaction exceeds in 
certainty and delicacy all methods hitherto known in analytical 
chemistry. It is, however, not quite so sensitive as the sodium 
reaction, only, perhaps, because the eye is more adapted to 
distinguish yellow than red rays. When nine milligrammes 
of carbonate of lithium mixed with excess of milk-sugar were 
burnt, the reaction was visible in a room of sixty cubic metres' 
capacity. Hence, according to the method already explained, 
we find that the eye is capable of distinguishing with absolute 
certainty a quantity of carbonate of lithium less than loooooo o 
of a milligramme in weight : 05 grm. of carbonate of lithium, 
burnt in the same room, was sufficient to enable the ignited air 
to show the red line Li a for an hour after the combustion had 
taken place. 
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The compounds of lithium with oxygen, iodine, bromine, and 
chlorine are the most suitable for this peculiar reaction ; still 
the carbonate, sulphate, and even the phosphate, give almost 
as distinct a reaction. Minerals containing lithium such as 
triphylline, triphane, petalite, lepidolite, require only to be held 
in the flame in order to obtain the bright line in the most 
satisfactory manner. In this way the presence of lithium in 
many felspars can be directly detected ; as for instance, in the 
orthoclase from Baveno. The line is only seen for a fe^ 
moments, directly after the mineral is brought into the flame- 
In the same way the mica from Altenburg and Penig was found 
to contain lithium, whereas micas from Miask, Aschaffenburg, 
Modum, Bengal, Pennsylvania, &c., were found to be free from 
this metal. In natural silicates which contain only small traces 
of lithium this metal is not observed so readily. The examina- 
tion is then best conducted as follows : — A small portion of the 
substance is digested and evaporated with hydrofluoric acid or 
fluoride of ammonium, the residue moistened with sulphuric 
acid and heated, the dry mass being dissolved in absolute alcohol. 
The alcoholic extract is then evaporated, the dry mass again 
dissolved in alcohol, and the extract allowed to evaporate on a 
shallow glass dish. The solid pellicle which remains is scraped 
oflF with a fine knife, and brought into the flame upon the thin 
platinum wire. For one experiment ^V of a milligramme is in 
general quite a sufiicient quantity. Other compounds besides 
the silicates, in which small traces of lithium require to be 
detected, are transformed into sulphates by evaporation with 
sulphuric acid or otherwise, and then treated in the manner 
described. 

In this way we arrive at the unexpected conclusion that 
lithium is most widely distributed throughout nature, occurring 
in almost all bodies. Lithium was easily detected in forty cubic 
centimetres of the water of the Atlantic Ocean, collected in 
41** 41' N. latitude and 39** 14' W. longitude. Ashes of marine 
plants (kelp), driven by the Gulf Stream on the Scotch coasts, 
contain evident traces of this metal. All the orthoclase and 
quartz from the granite of the Odenwald which we have 

H 
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examined contained lithium. A very pure spring water from 
the granite in Schleierbach, on the west side of the valley of the 
Neckar, was found to contain lithium, whereas the water from 
the red sandstone which supplies the Heidelberg laboratory 
was shown to contain none of this metal. Mineral waters, 
in a litre of which lithium could hardly be detected according 
to the ordinary methods of analysis, gave plainly the line Li a 
even if only a drop of the water on a platinum wire was brought 
into the flame.^ All the ashes of plants growing in the 
Odenwald on a granite soil, as well as Russian and other 
potashes, contain lithium. 

Even in the ashes of tobacco, in vine leaves, in the wood of 
the vine, and in grapes,^ as well as in the ashes of the crops 
grown in the Rhine plain near Waghausel, Deidesheim, and 
Heidelberg, on a non-granite soil, was lithium found. The milk 
of the animals fed upon these crops also contains this widely 
diffused metal.^ 

It is necessary to say that a mixture of volatile sodium and 
lithium salts gives the reaction of lithium alongside that of 
sodium with a precision and distinctness which are hardly 
perceptibly diminished. The red lines of the former substance 
are still plainly seen when the bead contains ix^^nr P^^ ^f 
lithium salt, and when to the naked eye the yellow soda flame 
appears untinged by the slightest trace of red. In consequence 
of the somewhat greater volatility of the lithium salt, the 
sodium reaction lasts longer than that of the other metal. In 
those cases, therefore, in which small quantities of lithium 
have to be detected in presence of large quantities of sodium 
salt, the bead must be brought into the flame whilst the observer 
is looking through the telescope. The lithium lines are often 
only seen during a few moments amongst the first products 
of the volatilization. 

^ When liquids have to be brought into the flame, it is best to bend the end of 
the platinum wire, of the thickness of a horsehair, to a small ring, and to beat 
this ring flat. If a small drop of liquid be brought into this ring, enough adheres 
to the wire for one experiment. 

^ In the manufactories of tartaric acid the mother-liquors contain so much 
lithium salts that considerable quantities can thus be prepared. 

' Dr. Falwarczny has been able to detect lithium in the ash of human blood 
and muscular tissue by the help of the line Li a. 
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In the production of lithium salts on the large scale, in 
the proper choice of a raw material, and in the arrangement 
of suitable methods of separation, this spectrum analysis affords 
most valuable aid. Thus it is only necessary to place a drop 
of mother-liquor from any mineral spring in the flame and 
to observe the spectrum produced, in order to show that in 
many of these waste products a rich and hitherto unheeded 
source of lithium salts exists. In the same way, during the 
course of the preparation any loss of lithium in the collateral 
products and residues can be easily ti*aced, and thus more con- 
venient and economical methods of preparation may be found 
to replace those at present employed.^ 



POTASSIUM. 

The volatile potassium compounds give, when placed in the 
flame, a widely-extended continuous spectrum, which contains 
only two characteristic lines, — namely, one line, Ka a, in the 
outermost red, approaching the ultra-red rays, exactly coinciding 
vrith the dark line A of the solar spectrum ; and a second line, 
Ka /8, situated far in the violet rays towards the other end of 
the spectrum, and also identical with a particular dark line 
observed by Fraunhofer. 

A very indistinct line, coinciding with Fraunhofer's line B, 
which, however, is only seen when the light is very intense, 
is not by any means so characteristic. The violet line is 
somewhat pale, but can be used almost as well as the red line 
for the detection of potassium. Owing to the position of these 
two lines, both situated near the limit at which our eyes cease 
to be sensitive to the rays, this reaction for potassium is not 
so delicate as the reaction for the two metals already mentioned. 
The reaction became visible in the air of our room when 
one gramme of chlorate of potassium mixed with milk-sugar 

^ We obtain by such an improved motliod from two jars (about four litres) of a 
mother-liquor from a mineral spring, which by evaporation with sulphuric acid 
gave 1 '2 kil. of residue, half an ounce of carbonate of lithium of the purity of the 
commeTcial, the cost of which is about 140 florins the pound. A great number 
of other mineral-spring mother liquors which we examined showed a similar 
nchness in compounds of lithium. 
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was burnt In this way, therefore, the eye requires the presence 
of Y(^ of a milligramme of chlorate of potassium in order to 
detect the presence of potassium. 

Caustic potash, and all compounds of potassium with volatile 
acids, give the reaction without exception. Potash silicates, 
and other non-volatile salts, on the other hand, only produce 
the reaction when the metal is present in very large quantities. 
It is only necessary, however, to melt the substance with a 
bead of carbonate of sodium in order to detect potassium even 
when present in a very small quantity. The presence of the 
sodium does not in the least interfere with the reaction, and 
scarcely diminishes its delicacy. Orthoclase, sanidine, and 
adularia may in this way be easily distinguished from albite, 
oligoclase, labradorite, and anorthite. In order to detect the 
smallest traces of potassium salt, the silicate requires only to 
be slightly ignited with a large excess of fluoride of ammonium 
on a platinum capsule, after which the residue is brought into 
the flame on a platinum wire. In this way it is found that 
almost every silicate contains potash. Salts of lithium diminish 
or influence the reaction as little as soda salts. Thus we need 
only to hold the end of a burnt cigar in the flame before the 
slit in order at once to see the yellow line of sodium and the 
two red lines of potassium and lithium, this latter metal being 
scarcely ever absent in tobacco ash. 

DETECTION BY SPECTRUM ANALYSIS OF THE CONSTITUENTS OF 
A MIXTURE CONTAINING ALL THE METALS OF THE ALKALIS 
AND ALKALINE EARTHS. 

A mixture of the chlorides of potassium, sodium lithium, 
calcium, strontium, and barium, containing at the most -^ of a 
milligramme of each of these salts, was brought into the flame, 
and the spectra produced were observed. At first the bright 
yellow sodium line, Na a, appeared with a background formed 
by a nearly continuous pale spectrum : as soon as this line 
began to fade, the exactly defined bright red line of lithium, 
Li a, was seen ; and still further removed from the sodium line 
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the faint red potassium line, Ka a, was noticed ; whilst the two 
barium lines, Ba a, Ba /3, with their peculiar form, became 
visible in the proper position. As the potassium, sodium, 
lithium, and barium salts volatilized, their spectra became 
fainter and fainter, and their peculiar bands one after the other 
vanished, until after the lapse of a few minutes, the lines Ca a, 
Ca/8, Sra, Sr/8, Sr7, and Sr S became gradually visible, and, 
like a dissolving view, at last attained their characteristic 
distinctness, colouring, and position, and then, after some time, 
became pale and disappeared entirely. The absence of any one 
or of several of these bodies is at once indicated by the non- 
appearance of the corresponding bright lines. 

Those who become acquainted with the various spectra by 
repeated observation do not need to have before them an exact 
measurement of the single lines in order to be able to detect the 
presence of the various constituents ; the colour, relative position, 
peculiar form, variety of shade and brightness of the bands are 
quite characteristic enough to ensure exact results even in the 
hands of persons unaccustomed to such work. These special 
distinctions may be compared with the differences of outward 
appearance presented by the various precipitates which we 
employ for detecting substances in the wet way. Just as it 
holds good as a character of a precipitate that it is gelatinous, 
pulverulent, flocculent, granular, or crystalline, so theT lines of 
the spectrum exhibit their peculiar aspects, some appearing 
sharply defined at their edges, others blended off either at one 
or both sides, either similarly or dissimilarly; or some again 
appearing broader, others narrower; and just as in ordinary 
analysis we only make use of those precipitates which are 
produced with the smallest possible quantity of the substance 
supposed to be present, so in analysis with the spectrum we 
employ only those lines which are produced by the smallest 
possible quantity of substance, and require a moderately 
high temperature. In these respects both analytical methods 
fttand on an equal footing; but analysis with the spectrum 
possesses a great advantage over all other methods, inasmuch 
as the characteristic diflFerences of colour of the lines serve 
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as the distinguishing feature of the system. Most of the pre- 
cipitates which are valuable as reactions are colourless; and 
the tint of those which are coloured varies very considerably, 
according to the state of division and mechanical arrangement 
of the particles. The presence of even the smallest quantity 
of impurity is often sufficient entirely to destroy the character- 
istic colour of a precipitate ; so that no reliance can be placed 
upon nice distinctions of colour as an ordinary chemical test. 
In spectrum analysis, on the contrary, the coloured bands are 
unaffected by such alteration of physical conditions, or by the 
presence of other bodies. The positions which the lines occupy 
in the spectrum give rise to chemical properties as unalterable as 
the combining weights themselves, and which can therefore be 
estimated with an almost astronomical precision. The fact, how- 
ever, which gives to this method of spectrum analysis an extra- 
ordinary importance, is that the chemical reactions of matter 
thus reach a degree of delicacy which is almost inconceivable* 
By an application of this method to geological inquiries concern- 
ing the distribution and arrangements already mentioned, we are 
led to the unexpected conclusion, that not only potassium and 
sodium, but also lithium and strontium, must be added to the 
list of bodies occurring only indeed in small quantities, but most 
widely spread throughout the matter composing the solid body 
of our planet. 

The method of spectrum analysis may also play a no less im- 
portant part as a means of detecting new elementary substances ; 
for if bodies should exist in nature so sparingly diflPiised that the 
analytical methods hitherto applicable have not succeeded in 
detecting or separating them, it is very possible that their pre- 
sence may be revealed by a simple examination of the spectra 
produced by their flames. We have had opportunity of satisfy- 
ing ourselves that in reality such unknown elements exist. We 
believe that, relying upon unmistakeable results of the spectrum 
analysis, we are already justified in positively stating that, 
besides potassium, sodium, and lithium, the group of the alka- 
line metals contains a fourth member, which gives a spectrum as 
simple and characteristic as that of lithium, a metal which in our 
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apparatus ^vea only two lines, — namely, a faint blue one 
almost coincident with the strontium line Sr S, and a second 
blue one lying a little further towards the violet end of the 
spectrum, and riTalling the lithium line in brightness and 
distinctness of outline. 



APPENDIX B. 

BUNSEN AND KIRCHHOFF ON THE MODE OF USING A 
SPECTROSCOPE.' 

The apparatus is represented by Fig. 35. On the upper end 
of a cast-iroD foot a brass plate is screwed, candying the flint- 
glass prism (o), having a refracting angle of 60°. The tube b 
is also fastened to the brass plate : in the end of this tube near- 
est the prism is placed a lens, whilst the other end is closed by 




a plate in which a vertical slit has been made. Two arms are 
also fitted on to the cast-iron foot, so that they are moveable in a 
horizontal plane about the axis of the foot One of these arms 
carrieB the telescope (/), having a magnifying power of 8, whilst 
I Second Hchuhf on Spectrum Analyna, PhiL Ma;., vol. xxii. 1801, pp. 334 — 
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the other carries the tube {g) : a lens is placed in this tube at the 
end nearest the prism, and at the other end is a scale which can 
be seen through the telescope by reflection from the front surface 
of the prism. This scale is a photographic copy of a millimetre 
scale, which has been produced in the camera of about ^ the 
original dimensions.^ The scale is covered with tinfoil, so that 
only the narrow strip upon which the divisions and the numbers 
are engraved can be seen. The upper half only of the slit is 
left free, as is seen by reference to Fig. 36 ; the lower half is 
covered by a small equilateral glass prism, which sends by 
total reflection the light of the lamp ^, Fig. 35, through the slit, 

whilst the rays from the lamp e pass 
freely through the upper and uncovered 
half. A small screen placed above the 
prism prevents any light from S passing 
Fic.M. through the upper portion of the slit. 

By help of this arrangement the observer 
sees the spectra of the two sources of light immediately one 
under the other, and can easily determine whether the lines are 
coincident or not.* 

We now proceed to describe the arrangement and mode of 
using the instrument. 

The telescope / is first drawn out so far that a distant object 
is plainly seen, and screwed into the ring, in which it is held, 
care being taken to loosen the screws beforehand. The tube b 
is then brought into its place, and the axis of B brought into 
a straight line with that of b. The slit is then drawn out 
until it is distinctly seen on looking through the telescope, and 
this latter is then fixed by moving the screws, so that the 
middle of the slit is seen in about the middle of the field of 
view. After removing the small spring, the prism is next 

^ This millimetre scale was drawn on a strip of glass, covered with a thin coat- 
ing of lampblack and wax dissolved in glycenne. The divisions and numbers, 
which by transmitted light showed bright on a dark ground, were represented in 
the photograph dark on a light ^oiind. It would be still better to employ, for 
the spectrum apparatus, a scale m which the marks were light on a dark ground. 
Such scales are beautifully made by Salleron and Ferrier of Paris. 

' This apparatus was made in the celebrated optical and astronomical atelier of 
C. A. Steinneil in Munich. 
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placed on the brads plate, and fastened in the position which is 
marked for it, and secured by screwing down the spring. If 
the axis of the tube h be now directed towards a bright surface, 
such as the flame of a candle, the spectrum of the flame is seen 
in the lower half of the field of the telescope on moving the latter 
through a certain angle round the axis of the foot. When the 
telescope has been placed in position, the tube g is fastened on 
to the arm belonging to it, and this is turned through an angle 
round the axis of the foot so that, when a light is allowed to 
fall on the divided scale the image of the scale is seen through 
the telescope /, reflected from the nearer face of the prism. 
This image is brought exactly into focus by altering the posi- 
tion of the scale in the tube g ; and by turning this tube on its 
axis it is easy to make the line in which one side of the divisions 
on the scale lies parallel with the line dividing the two spectra, 
and by means of the screw 8 to bring these two lines to 
coincide. 

In order to bring the two sources of light, e and 6 into posi- 
tion, two methods may be employed. One of these depends upon 
the existence of bright lines in the inner cone of the colourless 
gas flame, which have been so carefully examined by Swan. If 
the lamp e be pushed past the slit, a point is easily found at 
which these lines become visible ; the lamp must then be pushed 
still further to the left, until these lines nearly or entirely dis- 
appear ; the right mantle of the flame is now before the slit> 
and into this the bead of substance under examination must be 
brought. In the same way the position of the source of light 6 
may be ascertained. 

The second method is as follows: — The telescope / is so 
placed that the brightest portion of the spectrum of the flame of 
a candle is seen in about the middle of the field of view ; the 
flame is then placed before the ocular in the direction of the axis 
of the telescope, and the position before the slit determined in 
which the upper half of the slit appears to be the brightest ; the 
lamp e is then placed so that the slit appears behind that portion 
of the flame from which the most light is given ofi" after the 
introduction of the bead. In a similar way the position of the 
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lamp ^ is detennined by looking through the small prism and 
the lower half of the slit. 

By means of the screw the breadth of the slit can be regulated 
in accordance with the intensity of the light, and the degree of 
purity of spectrum which is required. To cut off foreign light, 
a black cloth, having a circular opening to admit the tube g, is 
thrown over the prism a and the tubes b and /. The illumina- 
tion of the scale is best effected by means of a luminous gas flame 
placed before it : the light can, if necessary, be lessened by placing 
a silver-paper screen close before the scale. The degree of illu- 
mination suited to the spectrum under examination can then be 
easily found by placing this flame at different distances. 



APPENDIX C. 

BUNSEN ON A METHOD OF MAPPING SPECTRA.^ 

For the purpose of facilitating the numerical comparison of the 
data of various spectrum observations, we give in Fig. 37, p. 107, 
graphical representations of the observations which are taken 
from the guiding lines given in chromolithograph drawings 
of the spectra published in our former memoirs, and in which 
the prism was placed at the angle of minimum deviation. The 
ordinates of the edges of the small blackened surfaces, referred 
to the divisions of the scale as abscissae, represent the intensity of 
the several lines, with their characteristic gradations of shade. 
These drawings were made when the slit was so broad, and the 
flame of such a temperature, that the fine bright line upon the 
broad Ca a band began to be distinctly visible. This breadth of 
the slit was equal to the fortieth part of the distance between 
the sodium line and the lithium line a. For the sake of 
perspicuity, the continuous spectra which some bodies exhibit 

^ Phil. Mag., Fourth Series, vol. xxvL p. 247. 
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are specially represented on the upper edge of the scale, to the 
divisions of which they are referred as abscissae. In order to 
render these drawings, which have reference to our instrument, 
applicable to observations upon the scale of any other apparatus, 
which we may call B, it is only necessary to prepare a reduced 
scale, which is laid upon the several drawings, and used in place 
of the divided scale given in the figure. The lines marked at the 
bottom of Fig. 37 serve for the preparation of this new scale : 
these lines denote the distances between the lines K a, Li a, Na, Tl, 
Sr S, Rb a, and K yS, measured according to the scale of our 
instrument. The position of each of these lines is determined 
by the edge of the line, which does not change its place on 
altering the breadth of the slit. The position of these same 
lines is read oflf on the scale of the instrument B, and the 
corresponding number written under each. A series of fixed 
points on the scale is thus obtained, and the complete divisions 
for the scale of the instrument B are got by interpolating the values 
of the portions of the scale situated between the fixed points. 

The sodium line is then inserted in this scale, which is pasted 
upon a straight-edge, and the divisions numbered in tens and 
fives. If this measure be now laid upon any one of the drawings, 
so that the sodium line on the measure coincides with the 
division 50 on the drawing, the scale on the measure will give 
the position of all the lines in the particular spectrum exactly as 
they are seen in the photographic scale of the instrument B. 
When the position of the line under observation has in this way 
been ascertained, it is easy to assure oneself of its exact identity 
by means of the small prism on the slit of the spectroscope. 



«. I 



APPEND. D.] REACTIONS OF CAESIUM AND RUBIDIUM. 109 



APPENDIX D. 

SPECTRUM REACTIONS OF THE RUBIDIUM AND CJSSIUM 

COMPOUNDS.^ 

Cffisium and rubidium are not precipitated either by sulphuret- 
ted hydrogen or by carbonate of ammonium. Hence both metals 
must be placed in the group containing magnesium, lithium, 
potassium, and sodium. They are distinguished from magnesium, 
lithium, and sodium, by their reaction with tetrachloride of plati- 
num, which precipitates them like potassium. Neither rubidium 
nor caesium can be distinguished from potassium by any of the 
usual reagents. All three substances are precipitated by tartaric 
acid as white crystalline powders ; by hydrofluosilicic acid as 
transparent opalescent jellies ; and by perchloric acid as granular 
crystals : all three, when not combined with a fixed acid, are 
easily volatilized on the platinum wire, and they all three tinge 
the flame violet. The violet colour appears indeed of a bluer 
tint in the case of potassium, whilst the flame of rubidium is of 
a redder shade, and that of csesium still more red. These slight 
differences can, however, only be perceived when the three 
flames are ranged side by side, and when the salts undergoing 
volatilization are perfectly pure. In their reactions, then, with 
the common chemical tests, these new elements cannot be dis- 
tinguished from potassium. The only method by means of 
which they can be recognized when they occur together is that 
of spectrum analysU. 

The spectra of rubidium and csesium are highly characteristic, 
and are remarkable for their great beauty (Frontispiece, Nos. 
3 and 4). In examining and measuring these spectra we have 
employed an improved form of apparatus (Fig. 35), which in 
every respect is much to be preferred to that described in our 

^ Extract from Professors Kirchhoff and Bunsen's Second Memoir on Chemical 
Analysis bj Spectrum Observations (Phil. Mag., vol. xxii. 1861). 
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first memoir. In addition to the advantages of being more 
manageable and producing more distinct and clearer images, it 
is so arranged that the spectra of two sources of light can be 
examined at the same time, and thus, with the greatest degree 
of precision, compared both with one another and with the 
numbers on a divided scale. 

In order to obtain representations of the spectra of caesium 
and rubidium corresponding to those of the other metals which 
we have given in our former paper, we have adopted the follow- 
ing course : — 

We have placed the tube g (Fig. 35) in such a position that a 
certain division of the scale, viz. No. 100, coincided with Fraun- 
hofer's line D in the solar spectrum, and then observed the position 
of the dark solar lines A, B, c, D, E, f, g, h, on the scale : these 
several readings we called A, B, C, &c. An interpolation scale 
was then calculated and drawn, in which each division corre- 
sponded to a division on the scale of the instrument, and in which 
the points corresponding to the observations A, B, c, &c. were 
placed at the same distances apart as the same lines on our first 
drawings of the spectrum. By help of this scale, curves of the 
new spectra were drawn (Fig. 37, p. 107), in which the ordinates 
express the degrees of luminosity at the various points on the 
scale, as judged of by the eye. The lithographer then made the 
designs represented in the Frontispiece from these curves. 

As in our first memoir, so here we have represented only those 
lines which, in respect to position, definition, and intensity, 
serve as the best means of recognition. We feel it necessary to 
repeat this statement, because it has not unfrequently happened 
that the presence of lines which are not represented in our 
drawings has been considered as indicative of the existence of 
new bodies. 

We have likewise added a representation of the potassium 
spectrum to those of the new metals for the sake of comparison, 
so that the close analogy which the spectra of the new alkaline 
metals beai- to the potassium spectrum may be at once seen. 
All three possess spectra which are continuous in the centre, and 
decreasing at each end in luminosity. In the case of potassium 
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this continuous portion is most intense, in that of rubidium less 
intense, and in the caesium spectra the luminosity is least. In 
all three we observe the most intense and characteristic lines 
towards both the red and blue ends of the spectrum. 

Amongst the rubidium lines, those splendid ones named Bb a 
and Bb fi are extremely brilliant, and hence are most suited for 
the recognition of the metal. Less brilliant, but still very cha- 
racteristic, are the lines Bb B and Bb y. From their position 
they are in a high degree remarkable, as they both fall beyond 
Fraunhofer's line A ; and the outer one of them lies in an ultra- 
red portion of the solar spectrum, which can only be rendered 
visible by some special arrangement. The other lines, which are 
found on the continuous part of the spectrum, cannot so well 
be used as a means of detection, because they only appear when 
the substance is very pure, and when the luminosity is very 
great. Nitrate of rubidium and the chloride, chlorate, and per- 
chlorate of rubidium, on account of their easy volatility, show 
these lines most distinctly. Sulphate of rubidium and similar 
salts also give very beautiful spectra. Even silicate and phos- 
phate of rubidium yield spectra in which all the details are 
plainly seen. 

The spectrum of caesium is especially characterized by the two 
blue lines Csa and Cs/3: these lines are situated close to the 
blue strontia line Sr S, and are remarkable for their wonderful 
brilliancy and sharp definition. The line Cs S, which cannot be 
so conveniently used, must also be mentioned. The yellow and 
green lines represented on the figure, which first appear when the 
luminosity is great, cannot so well be employed for the purpose 
of detecting small quantities of the caesium compounds; but 
they may be made use of with advantage as a test of the purity 
of the caesium salt under examination. They appear much more 
distinctly than do the yellow and green lines in the potassium 
spectrum, which, for this reason, we have not represented. 

As regards distinctness of the reaction, the caesium compounds 
resemble in every respect the corresponding rubidium salts : 
the chlorate, phosphate, and silicate gave the lines perfectly 
clearly. The delicacy of the reaction, however, in the case of 
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the caesium compounds, is somewhat greater than in that of the 
corresponding compounds of rubidium. In a drop of ¥rater 
weighing four milligrammes, and containing only 0*0002 milli- 
gramme of chloride of rubidium, the lines Rba and Rb>3 can 
only just be distinguished ; whilst 000005 milligramme of the 
chloride of caesium can, under similar circumstances, easily be 
recognized by means of the lines Cs a and Cs /3. 

If other members of the group of alkaline metals occur 
together with caesium and rubidium, the delicacy of the reaction 
is of course materially impaired, as is seen from the following 
experiments, in which the mixed chlorides contained in a drop 
of water, weighing about four milligrammes, were brought into 
the flame on a platinum wire. 

When 0003 milligramme of chloride of caesium was mixed 
with from 300 to 400 times its weight of the chloride of 
potassium or sodium, it could be easily detected. Chloride of 
rubidium, on the other hand, could be detected with diflSculty 
when the quantity of chloride of potassium or chloride of sodium 
amounted to from 100 to 150 times the weight of the chloride 
of rubidium employed. 

0001 milligramme of chloride of caesium was easily recog- 
nized when it was mixed with 1,500 times its weight of chloride 
of lithium; whilst 0001 milligramme of chloride of rubidium 
could not be recognized when the quantity of chloride of lithium 
added exceeded 600 times the weight of the rubidium salt. 
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The subject to which I would wish to-day in the first place to 
direct your attention, is the mode by which we can detennine by 
spectrum analysis the presence of metals proper, or heavy metals. 
How, for instance, can we ascertain the presence of copper, or of 
gold, or of silver, or of zinc, or of iron ? how can we volatilize 
these metals so as to make them give oflf the light which is pecu- 
liar to each one ? I have here the means of doing this. We have 
again to employ our most valuable agent, electricity. By means 
of this battery and induction coil I can obtain an electric spark ; 
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and by means of the electric spark I can get what I require, 
namely, the volatilization of these metals. It is many years 
since the application of the electric spark to this particular 
branch of analysis was discovered. The first person who examined 
the nature of the electric spark was WoUaston, whose name I 
mentioned to you in my opening lecture as having first pointed 
out the existence of these very important dark lines in the solar 
spectrum. But it waa Faraday who first declared that the 
electric spark consists solely of material particles. He speaks, in 
his experimental researches, of the electric spark as being pro- 
duced by a current propagated along, and by, ponderable matter, 
and heated in the same manner, and according to the same laws, 
as a voltaic current heats and volatilizes a metallic wire. So that 
what we see and call the spark is really the ignition of the 
matter which lies in its path, and which we now know to be 
partly due to the electrodes. When we reflect how short a 
space of time the spark lasts we shall understand with how 
great a velocity these particles are driven forward, and we have 
then only to remember that a great velocity implies a high 
temperature, in order that we may be able to account for the 
brightness of the spark. If this be so, it is evident that, when 
we bring certain different metals in this arc, we must obtain 
difierent-coloured sparks : thus, if I bring a small quantity of 
strontium salt into the spark, we shall have a very intensely red 
light, due to the ignition of the peculiar body strontium which 
is volatilized between the poles ; and when I take some thallium, 
we have the green colour characteristic of this metal. 

If we examine the light of such a spark with a spectroscope, 
we shall find that two superimposed spectra here present them- 
selves ; the one spectrum produced by the parts lying close to the 
polos, and the other by the central portion of the spark. The 
spectrum of the bright points is, as we shall see, chiefly that of 
the metal present, whilst the light from the less luminous 
portion in the centre exhibits the spectrum of the incandescent 
air, and shows the particular lines produced by the gases existing 
in the atmosphere, viz. nitrogen, oxygen, and hydrogen (for in the 
atmosphere we have constantly the vapour of water present). 
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Each gas gives us lines peculiar to itself; and in some cases, 
when the quantity of carbonic acid present in the air is con- 
siderable, we may even get the carbon lines. 

It was Sir Charles Wheatstone, in the year 1835, who first 
pointed out that the spectra produced from the sparks of dif- 
ferent metals were dissimilar ; and he concluded that the electric 
spark resulted from the volatilization, and not from the combus- 
tion, of the matter of the poles themselves, for he observed the 
same phenomena in^vacud and in hydrogen, in which no com- 
bustion can occur^an^n*1835 he writes as follows: "These 
differences are so obvious, that one metal may easily be distin- 
guished from another by the appearance of its spark ; and we 
have here a mode of discriminating metallic bodies more readily 
than that of chemical examination, and which may hereafter be 
employed for useful purposes." 

You have here a copy of the diagram (Fig. 38) published in 
Wheatstone's paper,^ giving the lines which he saw in the metals. 
Subsequent research has shown that the number of the lines 
peculiar to each of these metals is very large, although on 
Wheatstone's diagram but a few of these are noticeable. On 
this drawing you see some of the bright lines of the metals 
mercury (Hg), zinc (Zn), cadmium (Cd), bismuth (Bi), tin (Sn), 
and lead (Pb). The letters placed above and below each bright 
line indicate its degree of intensity : very bright, bright, faint, 
very faint. 

It was, however, chiefly through the experiments of the 
Swedish philosopher Angstrom, that we gained an intimate 
knowledge of the nature of the electric spark. In the year 
1855 Angstrom investigated the matter very thoroughly, and 
pointed out the important fact which I have explained, that the 
spark yields two ^mfiHrPP^"^^ spectra ; one derived from the 

t metal of the poles, and the other from the gas or air through 
which the spark passes. 

Perhaps I had better show you, first of all, the beautiful 
spectra of some of these metals, as I can exhibit them to you on 

^ For a reprint of Wlieatstone's paper see Chemical News, vol. iii. p. 198 
(1861). 
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n Bcroen ; and tiien explain to you the nature of the spectra whicS 
wc see when we look at the spark through such a Ixain of prisms 
.IS you have in the large spectroscope on the table {see Fig. 39). I 
■nniiot show you these lines on the screen with anything like 
the amount of acciiracy or delicacy with which we can see tlw^ 
when we throw the image on the retina itself, for then we uoUi|| 
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the true spectra. The lines then ohserved are 
and extremely numerous, and each line possesses 
and does not interfere with the lines of any oth 
1 can show you something very beautiful and in 
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metuilic copper un llie mtol-ii. I take u briuII piet'e oi' 
metallic copper and volatilize it between the tncaDdcscout 
carbon poles, and then you ivill see the groen bands indicativa 
of the presence of tbia met^l. Here you observe these inagni- 
ticent green bands, which are characteristic of copper ; but when 
we examine the copper spark by throwing the image into the 
eye, we get a much more splendid effect, and see the way to a 
far more dalicata method of detecting the presence of copper 
In the next place I will take another carbon pole, and bring a 
Eoall piece of zinc into it, nnd we shall t<ee that zinc also gives 
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peculiar ;»nil beautiful lines perfectly characteristic of tlii.s 

.1 metal. If we examine this light by means of an accnratt- 

S|M!etroBcope, the?e broad bands are seen to consist of masses of 

bright lines, each one as 6ne as the most gHUzy spider's web. 

If I now take a mixture of zinc ajid copper, such as brass, we 

II not only get the lines of the zinc, but we shnll a'so see the 

;ht copper lines, I have put a F>mall piece of brass on the 

lie, and when T make the contact I shall volatilize this brass 

id the i-e*^ult i^ a sj-iectrum showing botli ihe C"p]ner lines am] 
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the zinc lines. You will notice that what I have said with 
respect to the other metals, the alkaline earths, holds good with 
this, viz.: that the most volatile of the metals bums out first. Now 
we can still see the less volatile copper, but the zinc lines have 
died away. In the same way I may show you that cadmium 
gives us a peculiar set of lines. If we volatilize some metallic 
cadmium, we shall have a series of lines somewhat resembling I 
those of zinc, but not identical with them. There you observe | 
three bands : these are the cadmium lines, something perfectly 
characteristic and distinct. 

^ Fox Talbot observed these metallic lines in June 1834, by 
deflagrating thin sheets of metal by a powerful electric current ; 
he says : " Gold leaf and copper leaf each afforded a fine spec- 
trum exhibiting peculiar definite rays. The eflfect of zinc was 
still more interesting : I observed in this instance a strong red 
ray, three blue rays, besides several more of other colours." 

I will next show you the spectrum of silver. Here you 
observe those splendid green lines, and the beautiful purple 
lines in the distance : the latter are only visible when you look 
at the most refrangible end for some time. Nothing, surely, can 
be more magnificent than these spectra ! These green lines are 
quite dilFerent in position and in character firom the green copper 
lines. To exhibit that difference to you, I will put a bit of 
copper into this silver — which is chemically pure — and I think 
you will be able to see that we get the green copper lines 
distinctly arranged alongside of the green lines of silver. Thus, 
then, by means of the electric lamp, many of these lines can be 
rendered visible, although to see others distinctly we must 
employ a delicate spectroscope, and throw the light directly into 
the eye of the observer. 

By the examination of the spark-spectrum, chemists are now 
able to distinguish with the greatest ease between the rarest 
metals. We are able to detect tlie diflference between erbium 
and yttrium, and didymium and lanthanum — metals which 
resemble one another in their properties so closely that it is 
extremely difficult to separate them from each other by ordinary 
chemical means. These substances all give distinct lines, and 
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ne of these substances may bo detected when mixed 
cith the other; and we thus get a decisive answer as to tbeir 



In grder to examine with accuracy the spectra of the heavy 

metals, an arrangement, represented in Fig. 40, is necessary. 

!rhia consists of a powerful induction coil used in conjunction 

rith a delicate spectroscope, such as that used by Kirchhoff (seo 

ige 103). The light from the apsirk falls on to the slit, and is 

Rtefracted by passing through the prisius. 

For the purpose of intensifying the spark, the ends of the 
secoadary coil are placed in GOnta{;t with the coatings of a large 
Leyden jar. The electrodes, also of course connected with the 




wleB of the secondary coil, connist t>f the metalfi under examina- 
tion, either in the form of wire, or of irregular pieces held by 
forceps on a movable stand. Many precautions must be taken, 
sspecially with two sets of electrodes, as it has been found that 
rurreutA caused by the rapid passage of air between the poles 
J sufficient to carry over to a second set of electrodes, placed 
pt & distance of a fuw inches, a very perceptible ((uantity of the 
materials uuilergolug volatilization. 

We are indebted to the labours of Professors KirchboCT 
uigatrom, and Tbal^n, Lecoq do Boisbandran, and Dr. Huggins, 
>r tlie most accurate sets of maps of the metallic lines which 
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we possess. The positions of the metallic lines have been 
arranged by Kirchhoff with reference to the dark solar lines, 
whilst Huggins has used the bright air lines as a constant 
scale upon which to note the positions of the metal lines ; bat 
both experimenters use an arbitrary scale of divisions by which 
the lines are designated. Owing to the very large number of 
the lines of each of the metals, very great care is needed in the 
discrimination of these spectra ; still, when the eye has been 
trained^ the detection of the individual metal is perfectly 
certain. The spectra of the following elements were mapped 
by Kirchhoflf ; — 



1. Sodium. 

2. Calcium. 

3. Barium. 

4. Magnesium. 

5. Iron. 

6. Copper. 

7. Zinc 

8. Chromium. 



9. Strontium. 

10. Cadmiiun. 

11. Nickel. 

12. Cobalt. 

13. Potassium. 

14. Rubidium. 

15. Lithium. 

16. Tin. 



17. Antimony. 

18. Arsenic 

19. Cerium. 

20. Lanthanum. 

21. Didymium. 

22. Mercury. 

23. Silicon. 

24. Glucinum. 



25. Aluminium. 

26. Lead. 

27. SUver. 

28. Gold. 

29. Ruthenium. 

30. Iridium. 

31. Platinum. 

32. Palladium. 



The spectra of the following metals have been drawn by 
Huggins : — 



1. Sodium. 

2. Potassium. 

3. Calcium. 

4. Barium. 

5. Strontium. 

6. Manganese. 



7. Thallium. 

8. Silver. 

9. Tellurium. 

10. Tin. 

11. Iron. 

12. Cadmium. 



13. Antimony. 

14. Gold. 

15. Bismuth. 

16. Mercury. 

17. Cobalt 

18. Arsenic. 



19. Lead. 

20. Zinc 

21. Chromium. 

22. Osmium. 

23. Palladium. 

24. Platinum. 



A very interesting fact is noticed by all the observers, namely 
that several of the bright lines of different metals seem to 
coincide. When, however, these cases of apparent coincidence 
are narrowly observed, most of the lines are found to show real 
though slight differences of refrangibility. 

Thal^n has also published ^ an interesting memoir upon the 
determination of the wave-lengths of the lines of the metal 
spectra. In Kirchhoff*s and Huggins' maps the bright metal 
lines are arranged according to an arbitrary scale, but it is 
of great interest to know the absolute position of each line, 

^ Annales do Chemie et de Physique, Oct. 1 869, ser. [4], vol. xyiii. p. 202. 
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and this can only be ascertained by the determination of its 
wave-length.^ The spectra of no less than forty-five metals 
are given in Thal6n*s tables, and amongst them are those of 
many rare metals not previously examined ; thus we find the 
lines of the spectra of zirconium, erbium, yttrium, thorium, 
uranium, titanium, tungsten, molybdenum, and vanadium, most 
accurately mapped. You may judge of the accuracy and value 
of this method of examination from the fact that each of these 
rare metals possesses a distinct and numerous set of lines, none 
of which lines coincide with any belonging to another element, 
and each of which may therefore be considered as a separate 
test of its presence. 

Thus the extremely rare metal vanadium yields the following 
bright lines according to Thal^n : — 

SPECTRUM OF VANADIUM. 
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> This has been accomplished for the above measurements by Dr. Marshftll 
Watts in his Index of Spectra. 
* In ten-millionths of a millimetrs. 
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To give you a notion of the immense number of these lines, I 
should like to show you a drawing or two : for this purpose I will 
throw on the screen an enlarged image of one of KirchhofiTs maps. 
Professor Kirchhoff was the first to examine the exact character 
of these metallic lines, and he drew an accurate map, not only 
of these metallic lines, but of the dark lines in the spectrum of 
the sun ; and this is a copy of one of his diagrams^ to which I 
would now briefly allude. The dark lines here represent the 
dark lines in the sun. With these I have at present nothing 
to do. We shall devote a subsequent lecture to a detailed 
discussion of this most remarkable subject To-day I would 
simply draw your attention to the short lines at the lower part 
of the diagram, which indicate to us the positions of the bright 
metal lines with regard to the fixed dark solar lines, these latter 
being taken as a sort of inch-rule, by which the positions of the 
other lines are reckoned. The lines which you see joined by a 
horizontal line, and marked Fe (for Ferrum), are the iron lines ; 
and I beg you to notice the very large number and the very 
beautifully fine nature of these iron lines. On Eirchhoff*s map 
each line is accompanied by a letter, being the chemical symbol 
of the element to which this one belongs ; here an aluminium 
line, here <an antimony line, here a calcium line, here again a 
number of iron lines connected together; and so I might go 
through all these diagrams, showing the number of lines which 
KirchholF has mapped — and this for only a small portion of the 
spectrum. The one end of this diagram is in the yellow, and 
the other end in the green; so that we have, on this map 
only a very, very small portion of the metal lines which 
would be seen if we were looking at the whole length of the 
visible spectrum. 

I would next illustrate this fact by showing you another 
beautiful drawing of these metal lines, made by our countryman. 
Dr. Huggins; this map which is copied from Dr. Huggins' 
paper in the Philosophical Transactions for 1864, will also 
give you an idea of the very great number of these metal 
lines. We have here about twenty metals, and each pair 
of these horizontal lines includes the spectrum of a particular 
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metal For instaDce, if we take silver, here is one line, here 
three, here two, here a number of other lines : thus we go on 
through the whole spectrum, and have altogether a great 
number of silver lines. On the right we have the red end, on 
the left the blue end of the spectrum, and at the top, for the 
sake of comparison, are the chief lines of the solar spectrum 
and the air lines. From this table you may not only form an 
idea of the large number of metal lines existing, but you will 
see that the lines of any one metal do not coincide or interfere 
with those of any other. For facilitating spectroscopic re- 
search. Dr. Marshall Watts has compiled a most useful set of 
tables in his Index of Spectra, in which all the reliable 
observations of the positions of the bright lines are mapped 
according to their wave-lengths. 

The lines, which are thus easily visible, are by no means all 
the peculiar rays which such highly heated metallic vapours 
emit, for Professor Stokes was the first to show that the bright 
j sparks from poles of iron, aluminium, and magnesium give 
off light of so high a degree of refrangibility, that distinct 
bands are situated at a distance beyond the last visible violet 
ray, ten times as great as the length of the whole visible 
spectrum from red to violet ! These bands cannot of course 
be seen under ordinary circumstances, but when allowed 
to fall on a fluorescent body, such as paper moistened by 
quinine solution, they can easily be rendered visible ; or we 
may photograph them, and make them leave their impression 
on the sensitive film. In order that these highly refrangible 
rays may be seen, no glass lenses or prisms must be used, as the 
rays of the highest refrangibility cannot pass through glass; 
quartz, on the other hand, permits tliem to pass ; hence all the 
lenses and prisms must be made of quartz. 

I now pass to the description of spectra of the non-metallic 

elements and of the methods employed for obtaining them. 

V We have seen that the light of the electric spark consists of 

I rays emitted from the incandescent materials, first, of the poles 

I from which the discharge passes, and in the second place, of the 

lair or gas surrounding those poles. If the density of tlie 
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gas through wliicii the discharge posses be dimiotshed toil 
certain point within a few milHtnetres of a vacuum, 
electricity is able to pass through a longer column of gas thl 
it can do under the ordinary atmospheric pressure; and we thui 
may obtain this beautiful phenomenon of the discharge in 
raaid, for we see this tube ten feet long, on being rendered | 
neorly vacuous by the air-pump, becomes filled with purple I 
light ; though if the whole of the gas be withdrawn, no 
electrical discharge whatever can pass. The character of the 
light thus emitted depends then upon the chemical nature a 
the gas throiiuh which the electric spark <>r discharge parses. 4 




If we seal up u (|iiantity of hydnjgeu gas, ul carbonic t 
gas, and of nitrogen gas, in Heftarate tubes and allow ati 
electric spark to pass through these tubes (see Fig. 41), the 
spaj-k which passes through the hydr<^gen has a red colour, and 11 
that which passes through the nitrogen has a yellow colonr^jj 
while that which passes through the carbonic acid gas haa 4 
blue colour; and these differences of colour are due simply ( 
the presence of the gas inclosed in the tube. I can vary t 
experiment by taking Geissler's tubes (Fig. 42), containia) 
these gases only in very minute quantities, so that the eleotE 
discharge can pass through a longer capillary column of ( 
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rVe then find that the small quantity of gas in the exhausteil 
tube becomes heated up to incanJeHceno*, and gives off its 
I>eculiar raya in lines of brilliautly coloured light, 

I have here a hydrogen vacuum tube, next a tube conttuning 

1^ carboniu acid vacuum, then one containing nitrogen, theu onu 
Ooatatning chlorine, then one containing iodine. I have only to 
Jnnnect these with the induction coil, and the discharge will 
pass through the ivhjle of these lubes ; and at onue you see the 
Tariety of bright colours obtained, entirely due to the small 
traces of the various gases which aje here present in the tubes. 
If we examine the character of tfcese lights by means of tho 
flpectroacope, we shall obtain the peculiar and characteristic 
spectra of each of these gases. 




Here are some large tulx-s, in which we can Bet the same 
effects of the ignition of the small quantities of these various 
gBses by means of the electric spark ; and you observe the 
beautiful striaied appearance which the light exhibits— a phe- 
nomenon which physicists are at present quite unable to explain. 
FigB. 43 and ii are copies of photographs of the discharge in 
i'Vacuum tubes taken by Mr. De la Rue and Dr. MiilW. 

I regret that it is impossible to exhibit the spectra of these 

ninous gases on the screen, owing to the slight intensity of 
he light which they emit. I must ask you to be content with 
ices to diagrams to explain to you the exact character 
r the light which these gases give off. 

Thus when we examine the peculiar red colour which this 
Biydrogen-tuhe exhibits, we find tLat the spectrum consists of 
(bur distinct bright lines; one bright red line so intense as 
Almost (o nverpnwcr thp nthers, one bright grei'nisli-bjue line 
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and one tiark blue or indigo line, whilst a fourth line appears 
iu the violet, when the temperature of the gas is very high. 
These are exhibited to you in the diagram. (See Fig. of hydro- 
gen spectnim, No. 8 on the chromolith. plate facing Lecture VI.) 
The bright red hydrogen lice is always seen when an elcctriikJ 
spark is passed through moist air : this is due to the decomporiefl 
tion of the aqueous vapour which the air contains. If the aiT'l 
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be carefully dried by passing it over hygroscopic substances, d^| 
red line disappears. Hence the spectroscope can be made ^M 
means of testing the presence of moisture. ^B 

A very remarkable fact, and one to which I shall have 
frequently to refer in the subsequent lectures, ia that these 
four lines of hydrogen are found to be coincident with four 
well-known dark lines in the sun. of which I spoke to you idJ 

the first lecture. This red hydrogen line possesses exactly the! 
same degree of refrangibility as the dark line c in the solar 1 
spectrum ; the green hydrogen line corresiwnds to the well- | 
known solar line F ; whilst the blue hydi-ogen line is identical in 
position with a dark line near a in the sun's spectrum, and the 
solar line coincident with the fourth line has been called (h) by 
Angstriim. We shall ace in a subseipient lecture how sudd 
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coincidences point out to us the existence of hydrogen and 
other elements in the solax atmosphere. 

When a spark is passed through the air, the lines of both 
nitrogen and oxygen are seen. This air spectrum has been 
carefully mapped by Dr. Huggins, who employed it as a scale to 
which to refer the metal lines, in his drawings. He observed 
the lines simultaneously given off from two sets of poles, one 
set being of gold and the other set of platinum (in order to 
eliminate any confusion arising from the presence of metallic 
lines) : and he took those lines which were common to both 
these spectra as being those due to the components of the air. 
The spectrum thus obtained remains perfectly constant with re- 
ference to the position and relative characteristics of its lines 
when other metals are employed as electrodes. It is, however, 
found that the air spectrum varies as a whole in distinctness 
according to the volatility of the metal used as poles, the air 
being more or less replaced by metallic vapours in the 
neighbourhood of the electrodes. The bright hydrogen lines 
due to aqueous vapour are, as I have said, seen when the spark 
J is passed through moist air, whilst the spectrum of lightning, as 
Wexamined by Grandeau and Kundt, has been found to exhibit in 
» addition to the nitrogen and hydrogen spectra, also the bright \ 
yellow sodium line. 

The nitrogen spectrum is more complicated than that of 
hydrogen, but still perfectly definite and characteristic. (See 
No. 9 on the chromolith. plate in Lecture VI.) 

In looking at these Geissler s tubes, whilst an electric current 
is passing, you may have noticed, that the colour of the spark 
varies in different parts of the tubes, and I might also have 
considerably altered it by changing the intensity of the current 
which in fact implies a change of temperature. These and 
similar appearances led Pllicker and Hittorf some years ago ^ to 
results of considerable importance. They found, for instance, 
that the spectrum of nitrogen is altogether changed when the 
intensity of the current is sufficiently altered, and they explained 
this by supposing that nitrogen can exist in various allotropic 

1 Phil. Trans. 1865, 1. 



128 8PEGTR UM ANAL YSIS. [lect. hi. 

conditions resembling the cases of ozone and oxygen, their idea 
being, that changes in the intensity of the electric discharge 
may cause changes in the chemical condition of nitrogen, thus 
bringing about a variation in the appearance of the spectrum. 
A good deal of discussion has since taken place, both as to the 
facts discovered by the above observers and as to their explana- 
tion, but spectroscopists at the present time generally accept 
their conclusions. 

Pliicker and Hittoif believed that diflferent types of spectra 
exist, and they spoke of spectra of the first and of the second 
order. These two types may, however, be more appropriately 
distinguished by the designation of " line " spectra and spectra 
of ** fluted bands." The spectra of fluted bands when examined 
by spectroscopes of small dispersive powers appear to be made 
up of bands having a sharp boundary on one side and gradually 
fading away on the other. When observed by more powerful 
instruments, each band is seen to consist of a number of lines 
of nearly equal intensity which gradually approach one another 
as the sharp edge is reached. This sharp edge is seen where 
the lines appear to be so closely ruled that we can no longer 
distinguish the individual components. The edge is situated 
sometimes towards the red and sometimes towards the violet 
end of the spectrum. Occasionally, however, the fluted bands 
do not show any sharp edge whatever, but are simply made up 
of a number of lines which are, roughly speaking, equidistant. 
Fig. 45 shows a spectrum of fluted bands or, as they are some- 
times called, of channelled spaces, when seen in a spectroscope of 
one prism only. It is the spectrum of nitrogen as mapped by 
Lecoq de Boisbaudran, in his admirable charts of spectra. The 
wave-lengths of the difierent bands can readily be ascertained 
by reference to tlie upper half of the figure, the scale of which 
gives wave-lengths, and on which the position of the brightest 
parts of each band is indicated. It will be seen, from the 
numbers on Figs. 45 and 46, that the red end of the spectrum is 
placed on the left hand of the drawing, contrary to the prevailing 
practice. 

In like manner the fluted spectrum of carbon as seen with one 
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when they are near their condensing points. Bearing all these 
facts in mind, it would seem that the state of aggregation has 
not so much to do with the nature of the spectrum, as the mole- 
cular arrangement and complexity. This view was first expressed 
by Mr. Lockyer, and there are many points which tell in its 
favour, thus it agrees with the views now generally adopted that 
the gaseous and liquid states of matter pass gradually one into 
the other. 

Nearly all bodies which have been examined with sufficient 
care have been found to exhibit both a band and a line spectrum, 
the band spectrum always belonging to the lower temperature. 
Oxygen even has as many as four different spectra. At the 
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lowest temperature at which it becomes luminous it has a per- 
fectly continuous spectrum ; as the temperature is raised, this 
continuous spectrum gives way to another, corresponding to, 
though not altogether identical with, a spectrum of fluted bands. 
At the highest attainable temperature, the ordinary line spectrum 
is seen, whilst the fourth spectrum is observed in vacuum tubes, 
at the negative pole only. One of the bands of this spectrum is 
represented in Fig. 48. Other gases like nitrogen show also 
peculiar spectra at the negative pole. This last phenomenon 
may probably be explained by the production of an allotropic 
modification of the substance at that pole. 

These changes in type are, however, by no means the only 
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changes which can be observed, wlec 
the temperature of the luminous htxiy if 
altered. Line spectra especially, nrc 
subject to curious variations in tlif 
relative intensities of their lines wliilsl 
new lines are often brought out jit bi>;li 
temperatures. Let me, in the first place, 
show you that new lines may make their 
appearance in the spectra of certain 
elements wlien the temperature is raised. 
Thus, for instance, if we heat lithium, 
either the metalor its salts, in the electric 
arc, we obtain a splendid hlue band 
having the wave-length of 460a ton- 
milliontlis of a millimetre (see Fig. 40), 
in addition to the red and orange rays a 
seen in the flame spectrum, show- 
that the undulations iu this par- 
icular set of vibrations have become 
more intense. The same phenomenon is 
observed in the case of the strontium 
spcctmra, where no less than four new 
lines (f, 17, K, and \, Fig. 40) make their 
appearance on increasing the temperature 
of the incandescent vapour of the metal. 
Also in the case of sodium four sets of 
new lines appear when the temperature 
is increased, in addition to the well- 
known "D" Hoes; and singularly enough, 
each of these four lines is double. Dr. 
'ntts bas shown that the first of ihese 
igber sodium lines (wave-length 5681 
1(1 5687) become visible at a tempeia- 
ture of 2000° C, whilst the next set 
(wave-leiigth 5150 and 5152) a[ipear 
when the temperature rises to abt-ut 
1000° (_;. The analogy between the 
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prodactioa of these more highly refrangible rays and that \ 
the overtones or harmonics of a vibrating string will occur 
to all. The different behaviour of different lines under 
varying circumstances is ^ell illustrated by an experimental 
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^nderueath. Aft«r the light has fallen through the prism, the 
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two images would still be separate, and we shoidd see the 
spectrum of each metal, one above the other. Fig. 50 represents 
Mr. Lockyer s arrangement.^ 

Now if we examine the spectrum of a metal in this way, 
we find that some of the lines are altogether confined to the 
neighbourhood of the poles, whilst others stretch nearly across 
the field ; curiously enough it is by no means always the 
strongest lines wliich spread out the furthest, and this is an 
important point. It proves that the relative intensity of the 
lines is different in that part of the spark which is near the pole 
from that which is situated in the centre of the spark. Fig. 51 
represents a group of zinc lines as seen when examined by this 
method. If we had simply placed the spark in front of the slit 
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without the lens, the lines at 4924 and 4911 would have ap- 
peared stronger than any of the others, whilst examined by this 
method we see that although they are strong they are altogether 
confined to the neighbourhood of the pole whilst the line 4810, 
ft)r instance, though weaker stretches right across the field. The 
explanation which naturally occurs to any one considering these 
facts is, that the temperature of the spark is different near the 
pole, where it must be hotter, than in the centre between the poles 
where it is cooler, and that the relative intensity of the lines 
depends on the temperature. This explanation is well supported 
by facts, for we always find that these longest lines are those 

^ The construction of the spark-holder shown iu this figure will be explained 
in Appendix B., Lecture IV. 
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which are most persistent when the temperature of the spark 
is lowered. 

In order to prove this we may, instead of heating a metal in 
the spark, render it luminous at the lower temperature of the 
Bunsen burner, and whenever we succeed in obtaining a spec- 
trum in this way we find that the lines which appeared strongest 
in the centre of the spark now come out most clearly, while 
the lines which in the spark were strong near the pole are 
generally not seen at all at the lower temperature. Another 
way of lowering the temperature of the spark consists in reducing 
the pressure of the gas in which the spark is taken, and this 
method also gives us the same results. 

This explanation, however, if it be so far the true one, is 
certainly not complete, for we find that even when the tem- 
perature of the spark is kept constant, the relative intensities 
of the lines may still undergo alteration. This was observed 
by Mr. Lockyer in examining the spectra of mechanical mix- 
tures and alloys. By taking an alloy of zinc and copper, he found 
that the same spark which with zinc alone gave the strong 
lines 4911 and 4924 near the poles, gave, in the case of the 
alloy, only the more refrangible lines which, as we have seen, 
are more persistent w^hen the temperature is lowered. A number 
of observations bearing on this point have been made by Lecoq 
de Boisbaudran, who took the spark from liquid solutions in 
different states of concentration. He observed that with con- 
centrated solutions the metallic lines often possess different 
relative intensities to those given by weak solutions. 

When we compare the results thus obtained with the 
changes produced by an alteration of temperature, we are 
led to the remarkable result that a reduction of the quantity 
of material present in the spark has the same effect as a 
reduction of temperature. Accepting this conclusion we are 
able to explain a series of very complicated facts, and from 
the mere inspection of a spectrum examined by Mr. Lockyer's 
method, we can predict the changes which that spectrum will 
undergo, either on alteration of temperature or by an increase 
or decrease of quantity of incandescent substance. The change 
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of relative intensity in the centre of the spark would then be 
due, not only to a change of temperature, but also to a reduction 
of the quantity of metallic vapour present. There is no theo- 
retical difficulty in assuming that the relative intensities of the 
lines may vary when the temperature is altered, and the mole- 
cular theory of gases furnishes us with a plausible explanation 
of the corresponding change when the relative quantities of the 
luminous elements in a mixture is altered. Mr. Lockyer has 
proposed a different explanation of the facts firom that here 
given. According to him, a change of relative intensity always 
means a change of molecular complexity, and the lines which 
are strong near the poles would bear the same relation to those 
which stretch through the field of view, as a line spectrum 
bears to a band spectrum ; but if we accept this view, almost 
every line must be due to a different molecular grouping. 

The phenomena of long and short metallic lines are beauti- 
fully seen in the spectrum of the electric arc. Let me now 
place the arc, into which I have introduced traces of strontium 
and calcium, at right angles to the slit, and focussing the arc 
well on the slit, you will see a series of bright lines of different 
lengths (Fig. 52). The middle portion of each line corresponds 
to the centre of the arc, and the longest lines are those which 
pass into its outer portions. 

There are still some minor changes to which I must refer. 
Thus the lines of some spectra, like those of hydrogen, are apt 
to widen when the pressure of the gas is increased; and 
when the pressure is sufficiently high this widening may be- 
come so great that the different lines fuse into each other, 
and the spectrum appears continuous. But a continuous spec- 
trum thus obtained must be distinguished from that given by 
incandescent solids. Flames often give us a purely continuous 
spectrum ; thus, for instance, the flame of carbonic oxide in 
oxygen. Again, Dr. Frankland has shown that the flame of 
hydrogen and oxygen, which under ordinary circumstances is 
almost invisible becomes luminous when burning under great 
pressure. It then gives a continuous spectrum, except when 
an excess of hydrogen is present, which brings out the hydrogen 
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lines. The alterations which the spectrum of an element shows 
by a change of temperature can be made use of in the determi- 
nation of the temperature of the sun and of the other heavenly 
bodies ; but this branch of inquiry has not yet received the 
attention it deserves, and there is a great diflSculty in fixing the 
temperature of an electric spark. An attempt has been made 
by Mr. Lockyer to found a quantitative analysis on the spectro- 
scopic changes, which are due to variations in the quantity of 
the luminous material. Imagine, as an illustration of Mr. 
Lockyer's method, that a spark is taken from an alloy of zinc 
and cadmium, and examined by means of the spectroscope. We 
should see in addition to the lines (Fig. 51) of zinc, the lines of 
cadmium, but the relative length of zinc and cadmium lines 
would depend on the quantities of these metals present in the 
alloy ; for the metal which preponderates would show its lines 
larger than the other. If we then construct a table which tells 
us what for different composition of the alloys is the relative 
length of some lines, which are easily recognized, we should by 
a reference to the table be able to ascertain with considerable 
accuracy the composition of the alloy. Certain metals lend 
themselves more easily to this analysis than others, and Mr. 
Lockyer has, in conjunction with Mr. Roberts, shown how 
especially in the case of alloys of gold and copper accurate 
results can be obtained. 

Another matter of great importance is the investigation of 
the spectra of compound bodies, and here we must carefully 
distinguish the alterations in a spectrum which are due to an 
actual chemical decomposition from those which I have hitherto 
discussed. Thus, if we examine the spectrum of calcium chlo- 
ride in the flame, we obtain different lines from those which 
we see if we bring a small quantity of the salt on an electrode. 
But here the spectrum which is seen in the flame is due to 
the incandescent vapour of the chloride of calcium, or rather 
to a mixture of the chloride and the oxide, while in the 
spark we see the specti-um of the metal itself, the tempera- 
ture, as a rule, being sufficiently high to decompose the com- 
pound. Indeed, during the first few years after the discovery 
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of the principles of spectrum analysis, it was supposed that a 
compound gave the same spectnim as its elements, but we now 
know that each compound has a spectrum of its own. Whether 
the spectrum of a compound exhibits any relations to that of 
its elements is an important question. No decided connection has 
hitherto been traced, but Appendix D contains a short account 
of the attempts which have been made in this direction. The 
same appendix also discusses the question as to how far any 
numerical relation holds good between the lines of the same 
element. 

In new and interesting subjects like those which now occupy 
our attention, the mind is very apt to be led away into specu- 
lations, which, however engrossing they may prove, are foreign 
to the spirit of the exact scientific inquirer. Such speculations 
might in this case have special reference to the possibility or 
probability of arriving, by the help of the observations of the 
bright lines which bodies give us, at some more intimate know- 
ledge of the composition of the so-called elements. We might 
speculate as to the connection, for instance, between the wave- 
lengths of the various bright lines of the metal and the par- 
ticular atomic weight of the substance ; or we might ask. Can 
we find out any relation between the spectra of the members of 
some well-known chemical family, as of the alkaline metals, 
potassium, sodium, caesium, and rubidium ? Such questions as 
these naturally occur to every one. At present, however, this 
subject is in such an undeveloped state that these speculations 
though useful in suggesting new lines of investigation are un- 
suited for general discussion ; but doubtless a time will come 
when these matters will be fully explained, and a future Newton 
will place on record a mathematical theory of the bright lines of 
the spectrum as a striking monument of the achievements of 
exact science. 
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LECTURE III.— APPENDIX A. 

CONTRIBUTIONS TOWARDS THE HISTORY OF SPECl'RUM 
ANALYSIS. BY O. KIRCHHOFF.* 

In my " Researches on the Solar Spectrum and the Spectra of 
the Chemical Elements/' ' I made a few short historical remarks 
concerning earlier investigations upon the same subject. In 
these remarks I have passed over certain publications in silence 
— in some cases because I was unacquainted with them, in 
others because they appeared to me to possess no special 
interest in relation to the history of the discoveries in question. 
Having become aware of the existence of the former class, and 
seeing that more weight has been considered to attach to the 
latter class of publications by others than by myself, I will now 
endeavour to complete the historical survey. 

Amongst those who have devoted themselves to the ob- 
servation of the spectra of coloured flames, I must in the first 
place mention Herschel and Talbot. Their names need special 
notice, as they pointed out with distinctness the service which 
this mode of observation is capable of rendering to the chemist. 
For a knowledge of their researches I am mainly indebted to 
Professor W. Allen Miller, who gave an extract from them in a 
lecture republished in the number of the •* Chemical News " for 
19th April, 1862. It is there stated that in the volume of the 
'* Transactions of the Royal Society of Edinburgh " for 1822, at 
page 455, Herschel shortly describes the spectra of chloride of 

' Communicated to the Phil. Mag., Fourth Series, vol. xxr. p. 250, by ProfeMor 
Rosroe. 
' Published by Macmillan and Co., Cambridge and London, 1862. 



APPEND. A.] XIRCHHOFF'S HISTORICAL SKETCH. 141 

strontium, chloride of potassium, chloride of copper, nitrate of 
copper, and boracic acid. The same observer says, in his article 
on Light in the '' Encyclopaedia Metropolitana," 1827, page 438 : 
" Salts of soda give a copious and purely homogeneous yellow ; of 
potash, a beautiful pale violet." He then describes the colours 
given by the salts of lime, strontia, lithia, baryta, copper, and 
iron, and continues : " Of all salts, the muriates succeed the best 
from their volatility. The same colours are exhibited also when 
any of the salts in question are put (in powder) into the wick of 
a spirit-lamp. The colours thus communicated by the different 
bases to flame afford in many cases a ready and neat way of 
detecting extremely minute quantities of them. The pure earths 
when violently heated, as has recently been practised by Lieut. 
Drummond, by directing on small spheres of them the flames of 
iseveral spirit-lamps, urged by oxygen gas, yield from their 
surfaces lights of extraordinary splendour, which, when examined 
by prismatic analysis, are found to possess the peculiar definite 
rays in excess which characterise the tints of flames coloured by 
them ; so that there can be no doubt that these tints arise from 
the molecules of the colouring matter, reduced to vapour and 
in a state of violent ignition." 

Talbot says:^ ''The flame of sulphur and nitre contains a 
red ray which appears to me of a remarkable nature. This red 
ray appears to possess a definite refrangibility, and to be 
characteristic of the salts of potash, as the yellow ray is of the 
salts of soda, although, from its feeble illuminating power, it is 
only to be detected with a prism. If this should be admitted, 
I would further suggest, that whenever the prism shows a 
homogeneous ray of any colour to exist in a flame, this ray 
indicates the formation or the presence of a definite chemical 
compound," Somewhat further on, in speaking of the spectrum 
of red fire and of the frequent occurrence of the yellow line* 
he says: "The other lines may be attributed to the anti- 
mony, strontia, &c., which enter into this composition. For 
instance, the orange ray may be the effect of the strontia, since 
Mr. Herschel found in the flame of muriate of strontia a ray 

^ Brewster's Journal of Science, vol. v. 1826 ; Chemical News, April 27, 1861. 
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of that colour. If this opinion should be correct, and applicable 
to the other definite rays, a glance at the prismatic spectrum 
of a flame may show it to contain substances which it would 
otherwise require a laborious chemical analysis to detect." In 
a subsequent communication^ the same physicist, after a striking 
description of the spectra of lithium and strontium, continues : 
'' Hence I hesitate not to say that optical analysis can distinguish 
the minutest portions of these two substances from each other 
with as much certainty as, if not more than, any other known 
method." 

In these expressions the idea of ** chemical analysis by 
spectrum observations " is most clearly put forward. Other 
statements, however, of the same observers, occurring in the 
same memoirs from which the foregoing quotations are taken 
(but not mentioned by Professor Miller in his abstract), flatly 
contradict the above conclusions, and place the foundations of 
this mode of analysis on most uncertain ground. 

Herschel, in page 438 of his article on Light, almost imme- 
diately before the words quoted above says : " In certain cases 
when the combustion is violent, as in the case of an oil-lamp 
urged by a blowpipe (according to Fraunhofer), or in the upper 
part of the flame of a spirit-lamp, or when sulphur is thrown 
into a white-hot crucible, a very large quantity of a definite 
and purely homogeneous yellow light is produced ; and in the 
latter case forms nearly the whole of the light. Dr. Brewster 
has also found the same yellow light to be produced when 
spirit of wine, diluted with water and heated, is set on fire" 

Talbot says : " Hence the yellow rays may indicate the 
presence of soda ; but they nevertheless frequently appear where 
no soda can be supposed to be present.*'^ He then mentions 
that the yellow light of burning sulphur, discovered by Herschel, 
is identical with the light of the flame of a spirit-lamp with 
a salted wick, and states that he was inclined to believe that 
the yellow light which occurred when salt was strewed upon 
a platinum foil placed in a flame " was owing to the water of 

» Phil. Mag. 1834, vol. iv. p. 114 ; Chemical News, April 27, 1861. 
* Brewster's Journal, vol. v. 182tf. 
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crystallisation rather than to the soda : but then/' he continues, 
" It is not easy to explain why the salts of potash, &c., should 
not produce it likewise. Wood, ivory, paper, &c., when placed 
in the gas flame, give oflF, besides their right flame, more or less 
of this yellow light, which I have always found the same in its 
characters. The only principle which these various bodies have 
in common with the salts of soda is water; yet I tl)ink that 
the formation or presence of water cannot be the origin of this 
yellow light, because ignited sulphur produces the very same, 
a substance with which water is supposed to have no analogy." 
** It may be worth remark," he adds in a note, " though pro- 
bably accidental, that the specific gravity of sulphur is 1'99, 
or almost exactly twice that of water." " It is also remarkable," 
he continues in the text, " that alcohol burnt in an open vessel, 
or in a lamp with a metallic wick, gives but little of the yellow 
light ; while, if the wick be of cotton, it gives a considerable 
quantity, and that for an unlimited time. (I have found other 
instances of a change of colour in flames, owing to the mere 
presence of the substance, which suffers no diminution in con- 
seqiunce. Thus, a particle of muriate of lime on the wick of 
a spirit-lamp will produce a quantity of red and green rays for 
a whole evening without being itself sensibly diminished)." ^ 

In a later portion of the memoir he attributes the yellow 
line in one place to the presence of soda salts, in another to 
that of sulphur. Thus, in the above-mentioned statement 
concerning the spectrum of red fire, he says, " The bright line 
in the yellow is caused, without doubt, by the combustion of 
the sulphur." * 

Hence we must admit that the conclusion that the aforesaid 
yellow line can be taken as a positive proof of the presence of 
sodium compounds in the flame can in no way be deduced from 
Herschel and Talbot's researches. On the contrary, the nume- 
rous modes in which the line is produced would rather point to 
the conclusion that it is dependent upon no chemical constituent 

* Brewster's Journal, vol. v. 1826. 

' A short statement of Herschel and Talbot's results, as here quoted, was made 
by me in a lecture at the Royal Institution on April 5, 1862, and reprinted in the 
Chemical News for May 10, 1862.— H. E. R. 
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of the flame, but arises by a process whose nature is unknown, 
which may occur, sometimes more easily, sometimes with difii- 
culty, with the most different chemical elements. If we accept 
such an explanation concerning this yellow line, we must form 
a similar opinion respecting the other lines seen in the spectrum 
which were far more imperfectly examined ; and in this we 
should be strengthened by the statement of Talbot, that a piece 
of chloride of calcium by Us mere presence in the wick of a flame 
and withxnU suffering any diminution, causes a red and a green 
line to appear in the spectrum. 

The experiments of Wheatstone,^ Masson, Angstrom, Van 
der Willigen, and Pllicker, upon the spectra of the electric 
spark or electric light (to which I have already referred in my 
" Researches on the Solar Spectrum and Spectra of the Chemical 
Elements," p. 8, Macmillan, London^ 1862,) as well as those of 
Despretz,* from which the physicist concluded that the posi- 
tions of the bright lines in the spectrum of the light from a 
galvanic battery were unaltered by variation of the intensity 
of the current, might serve to support the view that the bright 
lines in the spectrum of an incandescent gas are solely depen- 
dent upon the chemical constituents of the gas ; but they could 
not be considered as proof of such an opinion, as the conditions 
under which they were made were, for this purpose, too com- 
plicated, and the phenomena occurring in an electric spark too 
ill understood. The demonstrative power of the above experi- 
ments as regards the question at issue is rendered less cogent 
by the difference visible in the colour of the electric light in 
different parts of a Geissler's tube ; by the circumstance noticed 
by Van der Willigen, who obtained different spectra by passing 
an electric spark from the same electrodes through gas of 
constant chemical composition, if the density of the gas was 
varied within sufficient limits; and lastly by an observation 
which Angstrom cursorily mentions. This physicist says:' 

^ Wheatttone not merely experimented with the spark from an electrical 
machine, bnt likewise with the voltaic induction spark. (Report of the British 
Association, 1885 ; Chemical News, March 28 and March 80, 1861.) 

* Comptes Rendos, vol. xxxi. p. 419 (1850). 

' Pogg. Ann. vol. xciv. p. 150 (translated in PhQ. Mag. for May 1855). 



APPEND. A.] HISTORICAL REMARKS. 145 

'* Wheatstone has already noticed that when the poles consist 
of two different metals the spectrum contains the lines of both 
metals. Hence it became of interest to see whether a compound 
of these metals, especially a chemical compound, also gives the 
lines of both metals, or whether the compound is distinguished 
by the occurrence of new lines. Experiment shows that the first 
supposition is correct. The sole diflference noticed is, that certain 
lines were wanting, or appeared with less distinctness ; but when 
they were observed, they always appeared in the position in 
which they occurred in the separate metals." In the following 
sentence, however, he states, " That in the case of zinc and tin 
the lines in the blue were somewhat displaced in tlie direction 
of the violet end, but the displacement was very inconsiderable." 
Had such a displacement, however small, really occurred, we 
must conclude either that the bright lines of the electric spark 
obey other laws than those of a glowing gas, or that these latter 
are not solely dependent on the separate chemical constituents 
of the gas. 

The question at issue respecting the lines of incandescent 
gases could only be satisfactorily solved by experiments carried 
out under the most simple conditions — such, for instance, as the 
examination of the spectra of flames. Observations of this kind 
were made in the year 1845 by Professor W. Allen Miller, but 
they do not furnish any contribution towards a solution of the 
question. Dr. Miller has the merit of having first published 
diagrams of the spectra of flames ; ^ but these diagrams are but 
slightly successful, although, in a republication in the Chemical 
News * of the paper accompanying these drawings, Mr. Crookes 
remarks : " We cannot, of courae, give the coloured diagrams 
with which it was originally illustrated ; but we can assure our 
readers that, after making allowance for the imperfect state 
of chromolithography sixteen years ago,* the diagrams of the 
spectra given by Professor Miller are m^ore accurate in several 
respects than the coloured spectra figured in recent numbers 

1 Phil. Mag. for August 1845. 
' Chemical News, May 18, 1861. 

' Prof. Miller's diagrams are not printed by chromolithography, but, as is seen 
on insp4>ction, tinted by hand. — H. E. K. 
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of the scientific periodicals." In reply to this '' assurance " 
of Mr. Crookes I only have to remark that, by way of experi- 
ment, I have laid Professor Millers diagrams before several 
persons conversant with the special spectra, requesting them 
to point out the drawing intended to represent the spectrum 
of strontium, barium, and calcium respectively, and that in no 
instance have the right ones been selected. 

Swan was the first who endeavoured experimentally to prove 
whether the almost invariably occurring yellow line may be 
solely caused by the presence of sodium compounds. In his 
classical research " On the Spectra of the Flames of the Hydro- 
carbons " ^ (referred to both in my '* Researches " and in the 
paper published by Bunsen and myself) Swan shows how small 
the quantity of sodium is which produces this line distinctly ; 
he finds that this quantity is minute beyond conception, and 
he concludes : " When indeed we consider the almost universal 
diffusion of the salts of sodium, and the remarkable energy with 
which they produce yellow light, it seems highly probable that 
the yellow line R, which appears in the spectra of almost all 
flames, is in every case due to the presence of minute quantities 
of sodium." 

The strict subject-matter of Swan's investigation was the 
compsurison of the spectra of flames of various hydrocarbons. 
'' The result of his comparison has been, that in all the spectra 
produced by substance, either of the form CrH,, or of the 
form CrH,Ot, the bright lines have been identical. In some 
cases, indeed, certain of the very faint lines which occur in 
the spectrum of the Bunsen lamp were not seen. The bright- 
ness of the lines varies with the proportion of carl>on to hydro- 
gen in the substance which is burned, being greatest where 

there is most carbon The absolute identity which is thus 

shown to exist between the spectra of dissimilar carbo-hydrogen 
compounds is not a little remarkable. It proves, 1st, that the 
position of the lines in the spectrum does not vary with the 
proportion of carbon and hydrogen in the burning body — as 
when we compare the spectra of light carburetted hydrogen, CH^, 

' Trans. Uoy. Soc. of Edinburgh, vol. xxL p. 414. 
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olefiant gas, C^Hj, and oil of turpentine, CjoHg; and 2dly, 
that the presence of oxygen does not alter the character of 
the spectrum : thus ether, C^HgO, and wood spirit, C2H^02, 
give spectra which are identical with those of paraffin, Cg^HgQ, 
and oil of turpentine, Cj^jHg. 

•• In certain cases, at least, the mechanical admixture of other 
substances with the carbo-hydrogen compound does not affect 
the lines of the spectrum. Thus I have found that a mixture 
of alcohol and chloroform bums with a flame having a very 
luminous green envelope — ^an appearance characteristic of the 
presence of chlorine — and no lines are visible in the spectrum. 
When, however, the flame is urged by the blowpipe, the light 
of the envelope is diminished, and the ordinary lines of the 
hydrocarbon spectrum become visible." 

In this research Swan has made a most valuable contri- 
bution towards the solution of the proposed question as to 
whether the bright lines of a glowing gas are solely dependent 
upon its chemical constituents ; but he did not answer it posi- 
tively, or in its most general form; he did not indeed enter 
upon this question, for he wished to confine his investigation 
to the spectra of the hydrocarbons, and was only led to the 
examination of this yellow line by its frequent occurrence 
in these spectra. 

No one, it appears, had clearly propounded this (question 
before Bunsen and myself ; and the chief aim of our common 
investigation was to decide this point. Experiments which 
were greatly varied, and were for the most part new, led us to 
the conclusion upon which the foundations of the "chemical 
analysis by spectrum observations " now rest. 



L 2 



.'^- 



148 SPECTRUM ANALYSIS. [lect. in. 



APPENDIX B. 

ON THE EFFECT OF INCREASED TEMPERATURE UPON THE NATURE 
OF THE LIGHT EMITTED BY THE VAPOUR OF CERTAIN METALS 
OR METALLIC COMPOUNDS. BY H. E. ROSCOE AND R. B. 
CLIFTON.l 

In a letter communicated to the Philosophical Magazine for 
Jamiary last we stated that, in examining, with Steinheil's form 
of Kirchhoff and Bunsen's apparatus, the spectra produced by 
passing the induction spark over beads of the chlorides and 
carbonates of lithium and strontium, we had observed an 
apparent coincidence between the blue lithium line, which is 
seen only when the vapour of this metal is intensely heated, 
and the common blue strontium line called Sr 8. We further 
stated that on investigating the subject more narrowly by the 
application of several prisms and a magnifying power of 40, 
we came to the conclusion that the lithium blue line was some- 
what more refrangible than the strontium S, but that two other 
more refrangible lines were observed to be coincident in both 
spectra. Having constructed a much more perfect instrument 
than we at that time possessed, we are now able to express a 
definite opinion on the subject, and beg to lay a short notice of 
our observations before the Society. Our instrument is in all 
essential respects similar to the magnificent apparatus em- 
ployed by Kirchhoflf in his recent investigations on the solar 
spectrum and the spectra of the chemical elements. It consists 
of a horizontal plane cast-iron plate, upon which three of Stein- 
heil's Munich prisms, each having a refracting angle of 60^ are 
placed ; and of two tubes fixed into the plate, one being a 
telescope having a magnifying power of 40, movable with a 
slow-motion screw about a vertical axis placed in the centre of 
the plate, and the other being a tube carrying at one end the 

^ Proc. Lit. Phil. Soc. Munchester, read April 1, 1862. 



APPEND, a] EFFECT OF INCREASED TEMFERATUEE. 149 

slit, furnished with micrometer screw, through which the beam 
of light passed, and at the other end an object-glass for the 
purpose of rendering the rays parallel. The luminous vapours 
of the metals under examination were obtained by placing a 
bead of the chloride or other salt of the metal on a platinum 
wire, between two platinum electrodes, from which the spark of 
a powerful induction coil could be passed. In order to obtain 
a more intense, and therefore a hotter, spark than can be got 
from the coil alone, the coatings of a Leyden jar were placed in 
connection with electrodes of the secondary current respectively. 
When this an*angement was carefully adjusted, the two yellow 
sodium lines were observed to be separated by an apparent 
interval of two millimetres, as seen at the least distance of 
distinct vision. 

The position of the blue line, or rather blue band, of lithium 
was then determined with reference to the fixed reflecting scale 
of Steinheil's instrument, by volatilizing the carbonate of lithium 
in the first place on a platinum wire between platinum elec- 
trodes, and secondly on a copper wire between copper electrodes, 
A bead of pure chloride of strontium was then placed on new 
platinum and copper wires between two new platinum and 
copper electrodes, and the position of the blue line Sr B read off 
upon the same fixed scale : a difference of one division on the 
scale was seen to exist between the positions of the two lines, 
the lithium line being the more refrangible. The salts of the 
two metals were then placed between the poles at the same time, 
and both the blue lines were simultaneously seen, separated by 
a space about equal to that separating the two sodium lines. 
When experimenting with this complete instrument, we were 
unable to observe any other blue lines in the pure lithium spec- 
trum than the one above referred to ; we have however noticed 
the formation of four new violet lines in the intense strontium 
spectrum, and we now believe that the other two lithium lines 
mentioned in our letter to the Philosophical Magazine are cause<l 
by the presence of the most minute trace of strontium floating 
in the atmosphere, and derived from a previous experiment. 
We have convinced ourselves by numerous observations that the 
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currents of air caused by the rapid passage of the electric spark 
between the electrodes are sufficient to carry over to a second 
set of electrodes placed at the distance of a few inches a very 
perceptible quantity of the materials undergoing volatilization. 
The greatest precautions must hence be taken when the spectra 
of two metals have to be compared ; and no separate observa- 
tions of the two spectra can be relied upon, unless one is made 
a considerable space of time after the other, and unless all 
the electrodes which have been once used are exchanged for 
new ones. 

Kirchhoff in his interesting Memoir on the Solar Spectrum 
and the Spectra of the Chemical Elements,^ noticed in the case 
of the calcium spectrum that bright lines which were invisible 
at the temperature of the coal-gas flame became visible when 
the temperature of the incandescent vapour reached that of the 
intense electric spark. 

We have confirmed this observation of Eirchhoff's, and have 
extended it, inasmuch as we, in the first place, have noticed that 
a similar change occurs in the spectra of strontium and barium ; 
and, in the second place, that not only new lines appear at 
the high temperature of the intense spark, but that the broad 
bands, characteristic of the metal or metallic compound at the 
low temperature of the flame or weak spark, totally disappear 
at the higher temperature. The new bright lines which supply 
the part of the broad bands are generally not coincident with 
any part of the band, sometimes being less and sometimes more 
refrangible. Thus the broad band in the flame spectrum of cal- 
cium named Ca fi is replaced in the spectrum of the intense 
calcium spark by five fine green lines, all of which are less 
refrangible than any part of the band Ca fi ; whilst, in the place 
of the red or orange Ca a, three more refrangible red or orange 
lines are seen. The total disappearance in the spark of a 
well-defined yellow band seen in the calcium spectrum at the 
lower temperature was strikingly evident. We have assured 
ourselves, by repeated observations, that, in like manner, the 

^ Kirchhoff on the Solar Spectrum, &c. Translated by H. E. Roscoe. (Gain- 
bridge : MacmUlan, 1862.) 



APPEND. B.] KIRCHHOFF ON VARIATION OF SPECTRA. 151 

broad bands produced in the flame spectra of strontium and 
barium compounds, and especially Sr a, Sr 13, Sr y, Ba a, Ba fi, 
Ba 7, Ba 8, Ba e, Ba fi, disappear entirely in the spectra of the 
intense spark, and that new bright non-coincident lines appear. 
The blue Sr 8 line does not alter either in intensity or in position 
with alterations of temperature thus effected, but as has already 
been stated, four new violet lines appear in the spectrum of 
strontium at the higher temperature. 

If, in the present incomplete condition of this most interesting 
branch of inquiry, we may be allowed to express an opinion as 
to the possible cause of the phenomenon of the disappearance 
of the broad bands and the production of the bright lines, we 
would suggest that, at the lower temperature of the flame or 
weak spark, the spectrum observed is produced by the glowing 
vapour of some compound, probably the oxide, of the difficultly 
reducible metal ; whereas at the enormously high temperature 
of the intense electric spark these compounds are split up, and 
thus the true spectrum of the metal is obtained. 

In conclusion, we may add that in none of the spectra of 
the more reducible alkaline metals (potassium, sodium, lithium) 
can any deviation or disappearance of the maxima of light be 
noticed on change of temperature. 



KIRCHHOFF ON THE VARIATION OF THE SPECTRA OF CERTAIN 

ELEMENTS: 1862. 

" I close this section with the following remarks : The position 
of the bright lines, or, to speak more precisely, the maxima of 
light in the spectrum of an incandescent vapour, is not dependent 
upon the temperature, upon the presence of other vapours, or 
upon any other conditions except the chemical constitution of 
the vapour. Of the validity of this conclusion Bunsen and 
I have assured ourselves by experiments made for that special 
object, and I have confirmed it by many observations made 
with the extraordinary delicate instrument just described. The 
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appearance of the spectrum of the same vapour may, neverthe- 
less, be very diflferent under dififerent circumstances. Even the 
alteration of the mass of the incandescent gas is sufficient to 
cflfect a change in the character of the spectrum. If the thick- 
ness of the film of vapour, whose light is being examined, be 
increased, the luminous intensities of all the lines increase, but 
in diflferent ratios. By virtue of a theorem which will be con- 
sidered in the next section, the intensity of the bright lines 
increases more slowly than that of the less visible lines. The 
impression which a line produces on the eye depends upon its 
breadth as well as upon its brightness. Hence it may happen 
that one line being less bright, although broader, than a second, 
is less visible when the mass of incandescent gas is small, but 
becomes more distinctly seen than the second line when the 
thickness of the vapour is increased. Indeed, if the luminosity 
of the whole spectrum be so lowered that only the most striking 
of the lines are seen, it may happen that the spectrum appears 
to be totally changed when the mass of the vapour is altered. 
Change of temperature appears to produce an efiTect similar to 
this alteration in the mass of the incandescent vapour. If the 
temperature be raised, no deviation of the maxima of light is 
observed, but the intensities of the lines increase so diflferently, 
that those which are most plainly seen at a high temperature 
are not the most visible at a low temperature.*' 
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CHANGES IN THE SPECTRUM OF OXYGEN, ABSTRACTED FROM A 
PAPER IN THE " PHILOSOPHICAL TRANSACTIONS." BY PROFESSOR 
SCHUSTER, F.R.S. 

The appearance of an oxygen tube when a spark passes while 
it undergoes gradual exhaustion is as follows : — 

At first the spark has a yellow colour, and the spectrum is 
perfectly continuous. Almost immediately, however, four lines 
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are seen in the capillary part above the continuous spectrum. 
One of these lines is in the red, two are in the green, and one 
is in the blue. The discharge still passes as a narrow spark 
throughout the length of the tube. In the wide part the 
spectrum remains continuous, and it extends more towards the 
red and blue than in the capillary part. It seems as if the four 
lines had taken away part of the energy of the continuous 
spectrum. As the pressure diminishes, these lines increase 
considerably in strength ; the spark spreads out in the wide part 
of the tube, and the intensity of the continuous spectrum is 
therefore considerably diminished, while it still forms a prominent 
part in the spectrum of the capillary part. When the pressure 
is small the continuous spectrum decreases in intensity. At 
the same time the negative glow with its own characteristic 
spectinim, gradually extends through the negative half of the 
tube into the capillary part. The continuous spectrum has now 
entirely disappeared ; the bands of the negative pole and the 
four lines stand out on a perfectly black background. It is 
under these conditions that the change from the compound line 
spectrum to the elementary line spectrum is best studied. The 
mere insertion of a Leyden jar, I find makes hardly a difference ; 
the jar does not seem to be charged at all. If in addition to 
the jar we insert a movable air-break, which can be opened or 
closed at will, while we look through the spectroscope, we shall 
be able to see alternately two perfectly distinct spectra. If the 
air-break is closed the four lines of the compound spectrum 
only are seen ; if the air-break is opened these four lines will 
disappear entirely, and the elementary line spectrum will come 
out. We have here as complete a transformation as we have 
from the band to the line spectrum of nitrogen taking place 
under exactly the same circumstances. We have, therefore, the 
same right to consider the two line spectra of oxygen as two 
distinct spectra, as we have in the case of the two spectra of 
nitrogen. 
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ON THE INFLUENCE OF TEMPERATUBE AND PRESSURE ON THE 
SPECTRA OF GASES. BY DR. SCHUSTER, F.K& 

A STUDY of the changes which may he ohserved in the 
spectra of gases, under varying circomstances, is of great im- 
portance, both from a practical and a theoretical point of view. 
We are here chiefly concerned with the practical side ; and it is 
clear that a full investigation of all spectroscopic variations 
attending changes of physical conditions will ultimately lead to 
a science which will aim, not only at a merely qualitative 
analysis, as the original spectroscopy did, but which will enable 
us to determine the exact physical state of a luminous body, at 
whatever distance from us that body might be placed. 

There is some difficulty in arranging the great quantity of 
partially unconnected facts which we shall have to place before 
the reader. We shall endeavour, for clearness' sake, to arrange 
our material under five different heads.^ We shall first discuss 
what changes we have a right to expect in the appearance of a 
spectrum, if the quantity of luminous matter is increased, or if 
the temperature is raised, the absorbing properties of the gas 
remaining unaltered. We shall next speak of the widening of 
lines, which, as we shall see, often accompanies an increase of 
pressure. Then we shall treat of the different spectra given by 
one and the same body at different temperatures, and we shall 
see how far satisfactory explanations have been offered for their 
existence. 

So far our road will be clear, but we shall find that these 
spectra of different orders, as they have been called, are only 
extreme cases of continuous changes which are nearly always 
going on. Very often we can refer these continuous changes to 
a gradual displacement of one spectrum by another ; but often 

^ In this Appendix only the two first heads are discnssed, as the important 
[toints contained in the I'cmuindcr have been noticed in the lecture itself. 
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we shall not be able to prove the existence of a second spectrum. 
There is, A priori, nothing impossible, or even improbable, in 
the view that the relative intensity of different lines may be 
different at different temperatures, and often when we observe 
a variation we may equally well explain it by assuming the 
gradual appearance of a new spectrum, or an alteration only 
in the relative intensities of the lines. It becomes then a 
matter of extreme diflSculty to decide which of the two sup- 
positions is correct. In doubtful cases we may often be able to 
obtain important information by means of a method which is 
little understood, even by spectroscopists. It is the method 
which has first been extensively used and investigated by 
Mr. Lockyer, of projecting an image of the luminous source, 
spark, arc, or flame, on the slit of the spectroscope, and thus 
localising the spectra which are thrown and confused together, 
if the luminous source is examined directly without the inter- 
position of a lens. We shall see how, by means of this method, 
we shall often at a single glance be able to tell how the body 
will behave at different temperatures and under different 
pressures. Many facts which have been quoted as remarkable 
might have been foretold by means of this method. 

I. Influence of Thickness of Radiating Layer on tJie Spectra 

of Gases, 

Let a be the coefficient of absorption for a certain wave- 
length of a layer of gas, of thickness and density equal to unity. 
Let e be the radiation of a perfectly black body for the given 
wave-length, and at the temperature of the body, the radiation 
of which we are considering. Then the radiation £ of a layer 
of thickness a and density S will be ^ 



E = 



«« 



l-(l-a) 



We pass over some obvious consequences of this formula, 
which have been treated in detail in Zollner's paper, but shall 

1 ZoUner: Phil. Mag. xlL p. 190 (1871); WuUner : Wied. Anu. viii. p. 500 
(1879). 
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discuss whether a mere increase in the thickness or density of 
the layer can alter the relative intensities of the lines. Put 
a8 = <r and let E^ be the radiation of the same body for another 
wave-length, e^ being the corresponding radiation for a perfectly 
black body. 

In the first place we remark that there can only be one finite 
value of <r, for which the two radiations can be equal ; for the 
equation 



l_(l-a) \e^ 



•l-(l-«i) ^1 



has only two roots, one of them being <r = o, which case, of 
course, is excluded from our consideration. For an infinite 
thickness — 

£ e 

Let e^ be larger than e ; then, if for any given value of a, say 
(7^ E^ is larger than E, it must be also larger for all greater 
values of <r, for if for any value larger than a^, Ej could be 
smaller, it would have to be equal to E for two values lying 
between a = a^ and <r = oo ; which, as we have seen, is impossible. 
On the other hand, if, for any value of a, E^ is smaller than E, 
the relative intensities must be reversed by an increase of thick- 
ness, for an infinite value of <r will make E^ > E. 

We have been assuming that e^ is larger than e ; e being the 
radiation of a perfectly black body. Now for all temperatures 
which we are considering, the radiation of a perfectly black 
body decreases in the visible part of the spectrum with the 
wave-length. Hence the wave-length, for which E^ is the radi- 
ation, must be larger than the corresponding wave-length for E. 
Putting all these considerations together we arrive at the follow- 
ing laws : — 

1. If the less refrangible of two rays is the stronger for any 
given quantity of luminous matter, no increase of thai quantity 
can reverse the relative intensities, but a decrease may render the 
more refrangible ray stronger. 
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2. If the more refrangible of two rays is the stronger, a svfficient 
increase in the g;iiantity of luminous matter tcill, in all cases, 
reverse the relative intensities, hit a decrease unll never make the 
less refrangible ray stronger. 

ZoUner, who was the first to draw attention to the fact that a 
reversal of relative intensity may be produced by an increase in 
the quantity of luminous matter, has failed to notice that this 
inversion can only take place if the less refrangible ray is the 
weaker of the two.^ 

When we come to look round for examples in which the effect 
of thickness of a layer can be clearly traced, we shall have diffi- 
culty in finding any. For most gases the values of a are exceed- 
ingly small, and then, of course, the increase of quantity must be 
exaggerated to an enormous extent before any appreciable effect 
is produced. Even on the sun, the relative intensities of the 
lines is often the same as that we observe in our laboratory ex- 
periments, and where it is not, it does not show such changes as 
would be produced by a mere increase of the absorbing layer. 
In liquids, of course, and some vapours which have large absorb- 
ing powers, an effiect of the thickness of the absorbing layer can 
be traced. 

If the temperature of a radiating gas is increased, the absorb- 
ing power for each ray remaining the same, the radiation will 
vary in the same proportion as e ; that is, as the radiation from 
a perfectly black body. It follows that the more refrangible 
rays will relatively gain more than the less refrangible rays, but 
it must be borne in mind that the absolute intensity of any given 
line can never decrease, unless the quantity of luminous matter 
decreases. 

II. Widening of Lines. 

In his celebrated paper, Optiska Undersokningar^ (1853), 
Angstr5m gives two drawings of the hydrogen spectrum. In 
neither of them are the lines sharp; but in one of them 

^ Appendix B shows that Rirchhoff had previously considered this point, though 
he did not investigate the conditions under which an actual reversal of luminosity 
of two equally brcMid lines can occur. 

' Translated, Pogg. Ann. zciv. p. 141 (1855). 
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especially they are drawn out into broad bands. The property of 
widening their lines under certain circumstances has since been 
found to be common to all bodies, though some of them possess 
it to a much larger extent than others. Hydrogen and sodium 
are the best known instances of elements which widen their 
lines considerably, though in one of the spectra of oxygen the 
lines broaden even more easily. Wullner ^ has given a detailed 
description of the behaviour of the hydrogen lines under different 
pressures, both with the condensed and uncondensed discharge. 
The same author has also given us information as to the widen- 
ing of some of the oxygen lines in the same paper, and his 
observations were confirmed and extended by the author of this 
report.* Ciamician • has described the widening of the lines of 
mercury, sodium, and some other gases. The papers of Lockyer 
and of Liveing and Dewar will also be found to contain many 
observations on the widening of lines. We shall refer presently 
to some of their most important experiments on the subject. 

It is a fact which is often, though by no means generally, true, 
that if a spectrum widens its lines easily, the widening begins 
with the most refrangible lines. This was first noticed by 
Pliicker and Hittorf in the" case of hydrogen. They express 
themselves as follows : — * 

" Hydrogen shows in the most striking way the expansion of 
its spectral lines and their gradual transformation into a con- 
tinuous spectrum. By increasing the power of the coil, Hy 
(coincident with solar line near G) first expands, then H/8 (solar 
F). Let the aperture of the slit be so regulated that the double 
sodium line will separate into two line«, nearly touching; then 
the angular breadth of H^ becoming two or three minutes,^ the 
breadth of H7 is about double. Ha remains almost unchanged 
after H7 has passed into an undetermined hazy band, and H^ 
extended its decreasing light on its two sides." A fourth hydro- 
gen line, more refrangible than the others, was discovered by 

' Pogg. Ann. cxxxvii. p. 339 (1869). 

2 Phil. Trans, clxx. p. 37 (1879). 

» Wien. Ber. (2) IxxviiL p. 867 (1878). 

* Phil. Trans, civ. p. 21 (1865). 

^ The large Steinheil spectroscope was iiseil. 
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ADgstr5m, and as Qoldstein ^ has remarked, this line is the first 
to widen, thus following the general rule. It would be interest- |i 
ing to determine the behaviour of the ultra-violet lines of l[ 
hydrogen which have recently been discovered. f 

In the case of oxygen, Plucker and Hittorf have remarked 
that the less refrangible lines widen most easily. But Plucker 
and Hittorf did not separate the two line-spectra of oxygen. 
The lines belonging to the lower temperature widen more easily 
perhaps than any other lines, with the exception of the blue 
line, which always remains sharp, and presents a striking con- 
trast to the other lines. The two green lines belonging to this 
spectrum widen more easily than the red line ; so that the lines 
which do expand follow the rule. The lines of the other line 
spectrum do not expand very much, though their edges lose 
their sharpness at high pressures. Plucker and Hittorf remark 
that the blue group widens more easily than the violet groups. 

The more refrangible of the two double sodium lines (D^) 
widens more than the less refrangible component. According to 
Ciamician's experiments, mercury follows the rule, and widens 
the most refrangible lines most easily. It has often been re- 
marked that all lines lose the sharpness of their edges when 
the pressure is increased,^ but there is a great difference between 
the cases we have just mentioned and the lines, for instance, of 
chlorine, bromine, and iodine, or nitrogen, which may become 
fuzzy, but never spread over an appreciable part of the spec- 
trum. Though the difference is one of degree only, it is very 
marked. We may say that, as a general rule, if a system of 
lines widens much or easily, the more refrangible lines of the 
system will be the first to widen, while if a system of lines 
shows the broadening to a small degree only, no general rule can 
be given. 

When a line widens, it may do so either symmetrically on 
both sides, or the widening may be greater on one side. It is a 
remarkable fact that when a line widens chiefly towards one 
side, that side is in nearly all, if not in all cases, the less refran- 
gible one. 

1 BerL Ber. p. 698 (1874). » e,y. Cailletet, G.R. Ixxiv. p. 1282 (1872). 
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In the case of the hydrogen lines, it is of some importance to 
determine whether they widen symmetrically, because the small 
displacements of the line in stars which are referred to star 
motions, may be in part due to a one-sided widening. The 
Greenwich observers ^ have, therefore, made a very careful series 
of measurements, in order to find out whether the centre of the 
F line shifts as it broadens. No shift was detected in a range 
of pressure from 30 mm. to 500 mm., the width of the line 
altering considerably within that range. J. J. Miiller's experi- 
ments, giving an apparently different result, will be presently 
referred to. 

The lines of sodium seem also to widen nearly equally on 
both sides. Z5llner * has examined these lines with his rever- 
sion-spectroscope — an instrument which is pre-eminently fitted 
for such an investigation. He gives the results in the following 
words : " In the more refrangible line, which, with increase of 
the vapour-density, was the most widened, no displacement was 
perceptible ; meanwhile there appeared to take place in the 
other line, as the brightness increased, an extremely i^light dis- 
placement in the direction of a diminution of the refrangihUity!' 

But ZoUner does not seem himself to attach very much value 
to this observation, the displacement being very slight. Dr. J. 
«l. MuUer* has had the curious idea of examining whether the 
rate of propagation of a ray of light in space depended on the 
amplitude of vibration. The wave-length was measured by 
means of interference fringes of long difference of path 
(Newton's rings), and he was incidentally led to inquire into 
the possibility of a displacement of the centre of the sodium 
lines, when larger quantities of sodium were introduced into a 
Bunsen flame ; in which case it is known the lines are seen to 
widen. Miiller found such a displacement in the same direction 
as ZoUner, who refers to his experiments as corroborating his 
own results. But Miiller also found the effect he was look- 
ing for ; that is to say, he found the centre of lines to shift 

^ Results of the Astronomical Observations made at the Royal Observatory, 
Greenwich, 1876, p. ]18. 

2 Phil. Mag. xli. p. 204 (1871). 

» LeipK. Ber. (1871), and Pogg. Ann. cl. p. 311 (1878). 
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when the light was weakened after it had left the flame. Now, 
this latter part of the investigation has been subjected to a very 
careful examination by Lippich,^ who could discover no such 
effect. As there undoubtedly Was a source of error in MuUer's 
experiments, which has not yet been pointed out, we must defer 
our judgment also on his other results. When he therefore 
nnds a very light shifting of the hydrogen lines, due to an 
alteration of the power of the spark, we cannot put his obser- 
vations on an equal level with the subsequent negative results 
of the Greenwich observers. 

Speaking of reversals in the voltaic arc, Mr. Lockyer* adds 
the following note : " The absorption-line does not always occupy 
the exact centre of the bright band. This point is occupying 
my attention, as it raises a very interesting question connected 
with molecular vibrations." In the plates accompanying the 
paper we find one at least of the aluminium lines between H 
and K slightly more expanded on the less refrangible side. 

Mr. Lockyer * has referred to the same question in a recent 
paper, and mentions two examples in the silver spectrum. In 
one case (42100) the line seemed to be much more widened on 
the more refrangible side of the absorption-line ; In the other 
case (4064'3), it was more widened in the opposite direction. 
The rubidium line (4202) is also given as more expanded on the 
less refrangible side. 

Profs. Liveingand Dewar * mention that the magnesium lines 
(4703) (4354) widen more on the less refrangible side. 

The lines of the lower temperature spectrum of oxygen 
widen considerably on the less refrangible side. This is very 
marked in the case of the more refrangible of the two green 
lines, and of the red line. The centre of the former line shifts 
through 2Xth metres.* The less refrangible of the two green 
lines widens more symmetrically. According to Ciamician,® 

» Wien. Ber. (2) Ixxii. p. 355 (1875). 
« rhil. Trans, clxiv. p. 805 (1874). 
' Proc. Roy. Soc. xxviii. p. 428 (1879). 

* Proc. Roy. Soc xxviii. p. 367 (1879). 
» Wien. Ber. (2) Ixxviii. p. 886 (1878). 

• Nature, xvii. p. 148 (1877). 
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most of the mercury lines show this one-sided widening, and 
with some of them it is so marked that they seem exclusively 
expanded towards one side only. 

I have only come across two cases in which lines seemed to 
be more widened on the most refrangible side, and neither of 
them seems to be established beyond doubt. The first is the 
one in the spectrum of silver mentioned by Lockyer and quoted 
above. But Profs. Liveing and Dewar did not notice the re- 
versal of the line in question, the wave-length of which they 
give as 4208. A new line, however, came out at 4211'3 ; that is 
on the less refrangible side. It is possible that the dark space 
between the two lines was taken by Lockyer for a reversal, and 
that consequently the greater intensity and width of the more 
refrangible line appeared as a one-sided development of the 
wings. The second case is not veiy clearly described by 
Ciamician. In the text of the paper he only mentions that 
when the double yellow mercury line becomes fuzzy, continuous 
light is seen to the right and left of it. In the drawing this is 
figured as a widening of the more refrangible line towards the 
violet, and of the less refrangible line towards the red. The 
description is too vague to allow any certain inference to be 
drawn, but it seems possible, as a simple optical fact, that, when 
a double line widens, the wings can be traced to a greater 
distance on that side of each component which is removed from 
the other. 

We have now to discuss the causes which may produce the 
widening of lines. In the first place it might be suggested that 
in accordance with a formula which we have already given, an 
increase of the quantity of luminous matter would produce an 
apparent widening of the lines ; for it follows from the formula 
that, unless the coefficient of absorption is absolutely zero for any 
given wave-length, the spectrum sent out by an infinite number 
of molecules in the line of sight is always continuous. A greater 
number of molecules will, therefore, cause the spectrum to ap- 
proach the continuous state, and the widening of the lines may 
be due to the first stage towards this approach. To this we shall 
reply, that an increase in the number of molecules cannot be the 
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primary cause of the widening of lines ; for the lines of sodium, 
for instance, in the sun are comparatively sharp, though the 
thickness of the absorbing layer is greater than anything we can 
produce in our experiments. We can prove the same point more 
clearly in the case of hydrogen. If we inclose the gas in a tube 
of the form adopted by Mr. Monkhoven and Prof. Piazzi Smyth, 
80 that we may look longitudinally through the capillary bore, 
we increase the thickness of the radiating layer to a very great 
extent ; yet lines which are sharp when the tube is looked at 
transversely, will remain sharp when it is looked through longi- 
tudinally although an increase in the pressure or in the intensity 
of the discharge will at once produce a widening. It must be 
remembered that the effect of an increased number of radiating 
molecules will only depend on the curve of intensity near the 
line. If a line is absolutely sharp, no increase in the number of 
molecules will ever increase its width, and two lines of the same 
brightness, which present the same appearance at their edges, 
must behave exactly in the same way when the thickness of the 
radiating layer is increased. Yet, while we have some lines 
which widen easily and enormously, others, which present the 
same appearance, do not show any widening. That if a line is 
once widened, an increase in the number of radiating or absorb- 
ing molecules will increase the apparent extent of the widening 
is possible, but we must distinguish this effect from the original 
cause which has produced the widening. 

It is, I believe, the almost unanimous opinion of spectroscopists 
that the widening is, in most cases, produced by an increase of 
pressure. This opinion was first put forward by Frankland and 
Lockyer.^ In the case of gases, the easiest way to produce the 
widening is by an increase in the pressure of the gas, and the 
metallic lines are also generally seen to widen when the density 
of the gas through which the spark is taken is increased. But 
we may also, in the case of hydrogen, for instance, widen the 
lines by an increase in the intensity of the discharge.* Those 

' Proc. Boy. Soc. xvii. p. 288 (1869). 

' The widening obseired by Stearn and Lee (Proc. Roy. Soc. xzi. p. 282 — 1873) 
is dne to this caune. 
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who believe that the widening of a line is due to an increase of 
pressure, attribute to an increase in temperature, such as is pro- 
duced by an increased discharge, an influence only in so far as it 
raises the pressure of the gas. This opinion is supported by the 
fact that the sodium lines widen rather more easily at low 
temperatures. 

According to the molecular theory of gases, the following ex- 
planation might be given for the widening of lines : 

As long as a molecule vibrates by itself, uninfluenced by any 
other molecule, its vibrations will take place in regular periods- 
The lines of its spectrum will consequently be sharp. But if the 
molecule is placed in proximity with others, its vibrations will 
be disturbed by occasional encounters. The number and strength 
of these collisions will depend on the pressure of the gas. Ideas 
analogous to these seem to have been in the minds of many 
writers, and it is difficult to decide where they first occurred ; 
but we may quote a short passage taken out of a paper by 
Lippich,^ in which similar views were, perhaps for the first time, 
clearly expressed, and in which the reference to Boyle's law is 
especially interesting : — 

" If the pressure of a gas is increased, or if, as in the case of 
vapours, its properties are no longer those of a perfect gas; 
that is, if the length of the path during which a molecule is 
within the influence of another is no longer small compared 
to the length of the mean free path, changes in the spectrum 
will necessarily accompany the now state of things. . . . New 
vibrations will arise, the intensity of which will be the smaller 
the further removed they are from the vibrations of the molecule 
in the ideal state. The lines of the spectrum will then appear 
with indistinct edges and expand the more the more the gas 
deviates from the laws of Mariotte and Qay-Lussac." 

The behaviour of the two yellow sodium lines is in many 
respects remarkable. It has already been mentioned that the 
widening seems to take place more easily at a lower temperature, 
but it is obviously not due to a lowering of temperature, for 
Profs. Liveing and Dewar ^ have observed that a layer of sodium 

^ Togg. Ann. cxxxix. p. 465 (1870). « Proc. Roy. Soc. xxix. p. 482. 
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vapour about 4 cm. thick, at atmospheric pressure, gave sharp 
and narrow lines, at a temperature which was lower than that of 
a Bunsen burner ; while in the Bunsen a much smaller quantity 
of sodium vapour will produce winged lines. Some of the ex- 
periments described in the paper to which we have just referred 
are not easily reconciled with the explanation given above for the 
widening of lines. Profs. Liveing and Dewar describe the effects 
of pressure thus : — 

" The effects of compressing the vapour were very remarkable' 
As the pressure increased the channelled spectrum speedily dis- 
appeared, then the diffused edges of the D band contracted, the 
band itself likewise contracting until it became a very fine pair 
of lines, or if the amount of sodium present was not too much, 
D came out bright. On letting off the pressure, the phenomena 
recurred in the reverse order, and the whole could be repeated 
several times. After compression, as long as the pressure was 
sustained, the D absorption remained permanently narrowed, 
but did not continue bright." 

The general results of the investigation are summed up by 
Profs. Liveing and Dewar thus : — 

"The phenomena attending the compression of the vapours, 
as well as those of the amalgams of varying percentages, seem 
to indicate that the width of the D absorption is dependent on 
the thickness and temperature of the absorbing vapour rather 
than on the whole quantity of sodium present in it. Very 
minute quantities diffused into the cool part of the tube appear 
to give a broad diffuse absorption, while a layer of denser vapour 
of small thickness in the hottest part of the vessel gives but a very 
narrow absorption. This may, however, be duo to the variation 
of temperature." 

In a previous paper Profs. Liveing and Dewar ^ had expressed 
themselves as follows on the widening of lines : — 

" It is apparent that the expansion of lines so often observed 
when fresh materials are introduced, must be ascribed to increase 
in the density of the vapours, not to any increase in tempemturo. 
Moreover, the length of the tube, which roaches a very high 

^ Proc. Roy. Soc, xxviii. p. 870. 
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temperature in the experiments above described, is very short 
in the lime cmcible, and still shorter in the carbon cracible, 
so that the reversing layer is also shoit in many cases." 

There is one cause, which, as Profs. Liveing and Dewar men- 
tion, may have affected the results of the later paper : * The 
results of the foregoing experiments may have been complicated 
by the sodium vapour which diffused into the cool part of the 
vessel. We have attempted to overcome this complication by 
passing down into the bottle, when full or nearly full of sodium 
vapour, a platinum tube, closed at the top with a glass plate 
and filled with nitrogen, and observing the absorption through 
this tube. The nitrogen in the tube prevents, for a short time, 
the entry of the sodium vapour into the tube, and so, by passing 
the tube to different depths, the thickness of the layer of sodium 
through which the observations were made could be varied. It 
was found, in this way, that a layer of sodium vapour, about 
4 cm. thick, at the atmospheric pi*essure at the temperature of 
our furnace, gave the D absorption sharp and very narrow ; but 
as the sodium diffused into the tube the absorption extended 
until it produced a broad band with diffuse edges." 

In these experiments, the light emitted by the bottom of the 
platinum vessel, in which the sodium was evaporated served as 
the source of light, the absorption of which on its passage 
through the vapour was observed. Now it is clear that, had the 
vapour been throughout of the same temperature with the 
vessel, the absorption would have exactly counterbalanced the 
radiation, and no effect would have been produced. The 
absorption which was produced was, therefore, entirely due only 
to the vapour in the parts of the tube which were cooler than 
the bottom. If, therefore, the effect of compression was to 
drive down the vapour into the hotter part of the tube, a 
thinning out of the absorption would be a necessary consequence, 
and no conclusions as to the effect of pressure can be drawn- 
On the other hand, it is difficult to see why, even in the com- 
pressed tube, the vapour should not have gradually diffused into 
the cooler parts. The disappearance of the channelled-space 
spectrum of sodium, however, in the compressed vapour, 
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indicates a higher temperature, and consequently a diminished 
absorption. 

Taking the whole of these experiments together, they do, I 
believe, indicate that the lines of sodium widen more easily at 
a comparatively low temperature ; but, as they may also be 
seen very wide at high temperatures and narrow at low ones, 
they leave the original cause of the widening unexplained. 

The fact that the sodium lines widen more easily at a 
comparatively low temperature is in accordance with the 
theoretical speculations we have given on the cause of the 
widening of lines. For in the passage quoted, Lippich has 
remarked that an increased widening of lines would go on 
simultaneously with an increased deviation from Boyle's law; 
and that deviation will be greater when the vapour approaches 
its temperature of condensation. 

Moreover, the widening of the sodium lines seems to take 
place chiefly at the temperature at which the line-spectrum 
changes into the band-spectrum. It will be seen further on 
that, according to the opinion held by most spectroscopists, the 
band-spectrum is due to a molecule containing a greater number 
of atoms than that giving the line-spectrum. If this opinion 
is true, sodium vapour ought to show a change of vapour- 
density as one spectrum changes into the other, similar to that 
which has recently been proved to exist in iodine by Victor 
Meyer.^ That at the moment when the atoms or molecules of 
sodium have a tendency to combine with each other, the 
molecular forces should be affected and disturbed in such a way 
as to produce a widening of lines seems perfectly intelligible. 
At the same temperature at which the baud-spectrum of sodium 
changes into the line-spectrum, Mr. Lockyer has observed some 
very remarkable phenomena.^ In some parts of the tube in 
which the sodium was volatilized, the lines seem to widen only 
towards one side, while in others they were widened towards 
the other side. It is, perhaps, worth mentioning, in connection 
with a remark by Lord Rayleigh on disturbed vibrations,* that 

» Chem. Bcr. xiii. p. 394 (1880). * Pi-oc Roy. Soc. xxii. p. 378 (1874). 

» Phil. Mag. xliii. p. 322 (1872). 
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the two parts of the band-spectrum of sodium lie on the two 
sides of the D lines. 

Referring again to the effect of pressure on the widening of 
lines, the question arises whether for a given temperature and 
pressure a line may be of different width whether the molecule 
is placed in an atmosphere of similar or dissimilar molecules. 
We shall have occasion to refer to this point again, and to show 
that such a difference in all probability exists^ and that it is not 
due to a mere reduction or increase in the number of luminous 
molecules in the line of sight. We may mention here, for 
instance, that Mr. Lockyer^ has observed that the lines of 
oxygen or nitrogen may be obtained sharp at atmospheric 
pressure by mixing a small quantity of one gas with the other. 
The gas which is present in small quantities has its lines sharp. 
If, therefore, we observe that in putting larger quantities of 
sodium into a flame we widen the lines, we must take many 
questions into account, and not conclude merely that an 
increased thickness of the radiating layer has produced the 
result. 

We finally refer to one cause which limits the sharpness of 
spectroscopic lines, and which was first pointed out by Lippich ^ 
and later by Lord Rayleigh.^ The molecules of a gas are, in 
addition to their vibratory motion, endowed with a translatory 
motion. Those molecules which are moving towards us will, 
in accordance with Doppler's principle, send us light which is 
slightly more refrangible than that which would be sent out by 
a quiescent molecule or one moving at right angles to the line 
of sight. On the other hand, the molecules which are moving 
away from us will have the wave-length increased. The lines 
as they appear to us, and as they come from molecules moving 
in all directions, must have a certain width. Lippich has 
pointed out how this limit of sharpness which cannot be 
surpassed may be made use of to determine which lines in a 
mixture of gases are due to each component ; for the heavier 

1 PhiL Mag. vi. p. 161 (1878). 

2 Pogg. Ann. cxxxix. p. 466 (1870). 

» Nature, viu. p. 474 (1873) ; see also W. M. Watts, Chemical News, Oct. 7, 
1870. 
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gas will have its lines narrower than the lighter gas. As a rule, 
however, the lines of a spectrum are wider than the limit given, 
and especially the widening of lines which we have been 
discussing in this chapter is of a much higher order of 
magnitude. 
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ABSTRACTED FROM A REPORT ON "THE GENESIS OF SPECTRA" 
DRAWN UP BY DR. ARTHUR SCHUSTER FOR A COMMITTEE 
OF THE BRITISH ASSOCIATION, APPOINTED FOR THE PURPOSE OF 
REPORTING UPON THE PRESENT STATE OF OUR KNOWLEDGE 
OF SPECTRUM ANALYSIS. 

I. Connection between the different Periods of Vil/ration of one 

Molecule, 

In some acoustical systems the different periods of vibration 
are connected together by means of a very simple law, and it 
was a natural idea to trace the same law if possible in the 
luminous vibrations of molecules. If the law holds- good, the 
periods of vibrations or the lengths of the waves of light sent 
out by molecules ought to be in the ratio of small integer 
numbers. The first published attempt to trace such a con- 
nection is due to Lecoq de Boisbaudran, who investigated the 
spectrum of nitrogen * with special reference to this point. 

The author had, however, only a one-prism spectroscope at 
his disposal, and the wave-lengths as determined by him could 
not possibly possess that accuracy which is necessary for an 
investigation of this nature. The more accurate measurements 
of Thalfen do not bear out Lecoq's results. 

Inquiries such as those attempted by Lecoq can only be 
conducted with advantage when we have measured to the 
highest degree of accuracy which we can obtain in our best 
instruments, and many of the apparent harmonic ratios which 

1 C. R., Ixix. p. 694 (186^). 
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at one time were thought to hold good had to give way when 
subjected to a severer test. Professor Johnstone Stoney,^ 
realizing this fact, has, however, pointed out one set of harmonic 
ratios which seems to hold good to a high degree of accuracy. 
We know of four hydrogen lines in the visible part of the 
spectrum, and three of these are found to be in the ratios of 
20 : 27 : 32. The wave-lengths of these lines are amongst 
those best determined by Angstrom, and they were corrected 
by Professor Stoney for atmospheric refraction. The following 
table exhibits the very remarkable coincidence : 

Table I. 

Observed Wave-length. Calculated Values. Differences, 

h = 4102-37 . . T^ X 13127714 = 4102*41 . . + 0*04 

F = 4862-11 . . ^T ^ 131277-14 = 486212 . . + O-Ql 

C = 6563-93 . . ^ x 131277*14 = 6563*86 . . - 0-07 

Other writers, as, for instance, Soret,^ have from time to time 
drawn attention to harmonic ratios in various spectra, and the 
author of this report has during the last ten years collected a 
large quantity of material bearing on the question. The results 
have, on the whole, not been favourable to the theory of 
harmonic ratios. In any spectrum containing a large number 
of lines it is clear that, owing to accidental coincidences, we 
shall always be able to find ratios which agree very closely with 
the ratios of small integer numbers. It is only by means of a 
systematic investigation that we can find out whether these 
coincidences are due to any real cause. We must, by means of 
the theory of probabilities, calculate the number of the coincid- 
ences, which we might expect to find on the supposition that 
the lines are distributed at random throughout the whole range 
of the visible spectrum. If, on calculating out all fractions 
which can be formed in a spectrum by any pair of lines, the 
number of ratios agreeing within certain limits with ratios of 
integer number greatly exceeds the most probable number, we 
should have reason to suppose that the lines are not distributed 

' rhil. Mag. xli. p. 291 (1871). * Phil. Mag. xlii. p. 464 (1871). 
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at random, but tliat the law suggested by Messrs. Lecoq de 
Boisbaudran and Stoney is a true one. 

The results of a long investigation conducted in this manner, 
tend to show that the number of harmonic ratios is, if any- 
thing, smaller than was to be expected on the hypothesis of no 
connection. 

There is one fact, moreover, which points very strongly to 
another yet undiscovered law which rules over the distribution 
of lines in spectra. It is often observed that the spectrum of 
a given body contains two or three lines in close proximity 
forming a characteristic group. Such doublets or triplets are 
often repeated several times in the spectrum ; yet, though we 
might expect, if the harmonic law were true, to find some simple 
relations connecting the periods of these sets, such is not 
the case. 

The most remarkable, perhaps, of all the groups of lines 
observed in the spectra of metals are the magnesium triplets. 
The well-known set of lines in the green is repeated three times 
in the ultra-violet ; but Table II. shows that the resemblance 
is only a general one, and that the relative distances vary 
considerably in each set. 



Tadle II. 



WaTe-length of lenst 
refrangible line. 


Distance fh>m first to 
second line. 


Distance from second 
to tliird line. 


Observer. 


6188-1 
8837-6 
3334-2 
3095-6 


10-9 
6-2 
4-2 
8-7 


6-3 
2-4 
3-0 
1-9 


Angstrom 
Comu 

»» 
»» 



It will be noticed that the groups come nearer and nearer 
together as they approach the violet, and that also the lines in 
each group are the closer together the more refrangible 
the set. 
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II. Relation of the Spectrum of an Mement or of a Radical 

to that of its Compounds, 

There is perhaps no investigation connected with mole- 
cular vibrations which is of greater interest than that which 
tries to trace the connection between the spectrum of an 
element and that of its compounds. It was at first considered, 
as has already been mentioned, that an clement preserved its 
spectrum when entering into combination, so that, for instance, 
the oxide of a metal would show only the metallic lines except 
in so far as oxygen lines might be visible. This idea had to be 
given up, but the absorption spectra of fluids were considered 
at first to be evidence in favour of the assumption of per- 
manence of the spectrum of an element when combined with 
others. We owe the first systematic investigation on this point 
to Dr. Gladstone,^ who examined the absorption spectra of the 
solution of salts, each constituent of which was coloured. He 
came to the conclusion that, generally, but not invariably, the 
following law held good : " When an acid and a base combine, 
each of which has a different influence on the rays of light, a 
solution of the resulting salt will transmit only those rays which 
are not absorbed by either, or, in other words, which are 
transmitted by both." 

Erhard ^ has examined the absorption spectra of some salts in 
which chromium plays the part of a base. It may be said as a 
general rule that these salts absorb the yellow and yellowish 
green and also the violet end of the spectrum, transmitting the 
bine ; the exact position of the maximum of absorption, however, 
and the intensity of the absorption band, vary considerably 
with different salts, and even for the same salt with different 
temperatures, and the results arc complicated by the fact tliat 
heating the salts produces a permanent alteration in the absorp- 
tion. The insoluble chloride of chromium shows a behaviour 
differing from that of the other chromium salts. It transmits 
the yellow and more of the violet than the other salts. Some of 

^ Phil. Mag. xiv. p. 418 (lSr.7). 

* Inaugural Dissertation, Fi-eiburg (without date). 
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the solid crystals of various chromium salts show fine absorption 
bands in the red which can also be traced in some of the 
solutions. There is, therefore, a general resemblance in the 
absorption of diflferent chromium salts, but no identity. 

Dr. Gladstone has also examined the effect of chlorine, 
bromine, and iodine when combined with different metals. The 
bromides of gold, platinum, palladium, and potassium give a 
spectrum which is identical with that of bromine water ; the 
same applies to a concentrated solution of the bromide of 
copper, which, in addition, shows the red absorption characteristic 
of copper. A dilute solution of bromide of copper shows, 
however, no absorption which can be traced to the bromine. 
Similar results were obtained with the chlorides and iodides. 
In pointing out that it is generally, though not universally true 
that a base or an acid retains its absorptive properties in 
different combinations. Dr. Gladstone draws attention to the 
remarkable exception of ferric ferrocyanide, which when 
dissolved in oxalic acid transmits blue rays in great abund- 
ance, though the same rays are generally absorbed both by 
ferrocyanides and by ferric salts. 

Nitric acid and the nitrates of transparent bases such as 
potassium, sodium, and ammonia show spectra, according to Soret, 
which are not only qualitatively but also quantitatively identical; 
that is to say, a given quantity of nitric acid in solution gives 
a characteristic absorption band of exactly the same width and 
darkness whether by itself alone or combined with a transparent 
base. It also shows a continuous absorption at the most 
refrangible side, beginning with each of the mentioned salts at 
exactly the same point. The ethereal nitrates,^ however, give 
different results. 

Messrs. Hartley and Huntington have by photographic 
methods examined the absorption spectra of a great number of 
organic compounds. As their researches have already been 
referred to at length in these reports,* by one of the authors, we 
need at present only mention one or two of the results whii h 
most interest us from our present point of view. The normal 

1 C. R. Ixxxix. p. 747. ' Brit. Ass. Rep. p. 66 (1880). 
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alcohols were found to be transparent for the ultra-violet rays, 
the normal fatty acids less so. In both cases an increased 
number of carbon atoms increases the absorption at the most 
refrangible end. The fact that benzene and its derivatives are 
remarkable for their powerful absorption of the most refrangible 
rays, and for characteristic absorption bands appearing on 
dilution, led Professor Hartley to a more extended examination 
of some of the more complicated organic substances. He came 
to the conclusion that definite absorption bands are only pro- 
duced by substances in which three pairs of carbon atoms are 
doubly linked together as in the benzene ring. 

In most of the cases which we have hitherto discussed, the 
characteristic absorption of the substance under examination 
extended over a considerable range ; the substance either 
blocked out altogether a large part of the spectrum, or at least 
showed absorption bands which were broad and increased 
considerably in width with increased concentration. When, 
however, absorption bands become narrower and more definite^ 
so that they can be examined under high dispersive powers, 
their behaviour under diflferent circumstances becomes more 
interesting, for we can trace smaller differences and more 
minute changes. 

It was Bunsen ^ who first showed that such small changes do 
occur, and he thereby led the way in a line of research which 
promises to be of great importance. While examining the 
absorption spectra of different didymium salts, he found that 
though all the salts showed spectra so nearly identical that with 
the ordinary one-prism spectroscope they could easily be 
mistaken for each other, higher dispersive powers revealed some 
very interesting and characteristic changes. His conclusions are 
best quoted in his own words : 

" Very remarkable and noteworthy are the small alterations 
in position which occur in the minima of brightness in the 
did3niiium spectrum, dependent upon the nature of the compound 
in which the metal occurs. These changes are too minute to be 
seen with the small, though seen with the large instrument. I 

» Phil. Mag. xxxu. p. 177. 
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have as yet only investigated them completely in the case of 
three didymium salts, viz., the chloride, sulphate, and acetate. 
It is, however, more than probable that the same phenomena 
will also be found to occur with other solutions, and with the 
absorption spectra of other crystals of didymium salts, and 
perhaps may be exhibited with the luminous spectra of the 

oxide and other compounds of didymium The atomic 

weight of didymium chloride is 950, and that of the anhydrous 
acetate is 1060. It will be noticed that all the groups of bands 
in the case of salts under examination approach the red end of 
the spectrum in the order of their increasing atomic weights. 

" These diflferences, here noticed in the absorption spectra of 
diflFerent didymium compounds, caimot in our present complete 
state of ignorance of any general theory for the absorption of 
light in absorptive media be connected with other phenomena. 
They remind one of the slight and gradual alterations in pitch 
which the notes from a vibrating elastic rod undergo when the 
rod is weighted, or of the change of tone which an organ-pipe 
exhibits when the tube is lengthened." 

Some interesting cases of this shifting of bands in different 
compounds of the same body have been found by Professor 
Russell,* who has subjected the cobalt salts to a very careful 
and most instructive examination. The anhydrous bromide of 
cobalt, for instance, was found to give an absorption spectrum 
strongly similar to that of the chloride, but there is a general 
displacement of all the bands towards the red corresponding to 
the increased atomic weight of bromine. The effect on the 
most refrangible band is stronger than that on the other two 
bands, which is contrary to what Bunsen has observed in the 
case of didymium acetate. 

Captain Abney and Lieutenant-Colonel Festing's paper * " On 
the Influence of the Atomic Grouping in the Molecules of 
Organic Bodies on their Absorption in the Infra-red Region of 
the Spectrum," contains an account of investigations undertaken 
to throw light on the effect of chemical combination on molecular 

> Phil. Trans, p. 887 (1881, iii.). 

* Proc. Roy. Soc. xxxii. p. 268 (1881). 
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vibrations. The importance of the results which they have 
obtained will justify a few verbal quotations. They distingoish 
a general absorption from the least refrangible end, and special 
absorptions which may consist of lines or bands. 

"Regarding the general absorption we have nothing very 
noteworthy to remark, beyond the fact that, as a rule, in the 
hydrocarbons of the same series those of heavier molecular 
constitution seem to have less than those of lighter." 

** A crucial test was to observe spectra of bodies containing 
hydrogen and chlorine, hydrogen and oxygen, and hydrogen and 
nitrogen. We therefore tried hydrochloric acid and obtained 
a spectrum containing some few lines. Water gave lines, 
together with bands, two lines being coincident with those in 
the spectrum of hydrochloric acid. 

" In ammonia, nitric acid, and sulphuric acid, we also obtained 
sharply-marked lines, coincidences in the different spectra being 
observed, and nearly every line mapped found its analogue in 
the chloroform spectrum, and usually in that of ethyl iodide. 
Benzene again gave a spectrum consisting principally of lines, 
and these were coincident with some lines also to be found in 
chloroform. It seems then that the hydrogen, which is common 
to all these different compounds, must be the cause of the 
linear spectrum. In what manner the hydrogen annihilates the 
waves of radiation at these particular points is a question which 
is, at present at all events, an open one, but that the linear 
absorptions, common to the hydrocarbons and to those bodies in 
which hydrogen is in combination with other elements such as 
oxygen and nitrogen, is due to hydrogen, there can be no 
manner of doubt.*' 

" The next point that required solution was the effect of the 
presence of oxygen on the body under examination, and here 
we had ample material on which to make our observations. It 
appears that in every case where oxygen is present, otherwise 
than as a part of the radical, it is attached to some hydrogen 
atom in such a way that it obliterates the radiation between two 
of the lines which are due to that hydrogen.*' . . . ' If more than 
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one hydroxyl group be present, we doubt if any direct effect is 
produced beyond that produced by one hydroxyl group except a 
possible greater general absorption ; a good example of this will 
be found in cinnamic alcohol and phenyl-propyl alcohol, which 
give the same spectra as far as the special absorptions are 
concerned. 

•* Hitherto we have only taken into account oxygen which is 
not contained in the radical ; when it is so contained it appears 
to act differently, always supposing hydrogen to be present as 
welL We need only refer to the spectrum of aldehyde, which 
is inclined to be linear rather than banded, or rather the bands 
are bounded by absolute lines, and are more defined than when 
oxygen is more loosely bonded/' 

Perhaps the most interesting passage is that which refers 
to the detection of the radical, and we therefore quote it 
in full : 

" An inspection of our maps will show that the radical of a 
body is represented by certain well-marked bands, some differing 
in position according as it is bonded with hydrogen, or a halogen, 
or with carbon, oxygen, or nitrogen. There seem to be character- 
istic bands, however, of any one series of radicals between 1000, 
and about 1100, which would indicate what may be called the 
central hydrocarbon group to which other radicals may be 
bonded. 

" The clue to the composition of a body, however, would seem 
to lie between X 700 and X 1000. Certain radicals have a 
distinctive absorption about X 700 together with others about 
X 900, and if the first be visible it almost follows that the 
distinctive mark of the radical with which it is connected will 
be found. Thus in the ethyl series we find an absorption at 
740, and a characteristic band, one edge of which is at 892, and 
the other at 920. If we find a body containing the 740 
absorption and a band with the most refirangible edge commenc- 
ing at 892, or with the least refrangible edge terminating at 920, 
we may be pretty sure that we have an ethyl radical present. 
So with any of the aromatic group ; the crucial line is at 867. If 
that line be connected with a band we may feel certain that 

N 
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some derivative of benzene is present. The benzyl group shows 
this remaxkably well, since we see that phenyl is present, as well 
as is also methyl. It will be advantageous if the spectra of 
ammonia, benzene, aniline, and dimethyl-aniline be compared, 
when the remarkable coincidences will at once become apparent, 
as ako the diflFerent weighting of the molecule. The spectrum 
of nitro-benzene is also worth comparing with benzene and 
nitric acid. We should have liked to have said more regarding 
the detection of the different radicals, but it might seem pre- 
sumptuous on our part to lay down any general law on the 
results of the comparatively few compounds which we have 
examined. In our own minds there lingers no doubt as to the 
easy detection of any radical which we have examined, but 
it will require more energy and ability than we possess to 
thoroughly classify all the different modifications which may 

arise. 

*'We may say, however, it seems highly probable by this 

delicate mode of analysis that the hypothetical position of any 

hydrogen which is replaced may be identified, a point which is 

of prime importance in organic chemistry. 

"The detection of the presence of chlorine or bromine or 
iodine in a compound is at present undecided, and it may well 
be that wo may have to look for its effects in a different part of 
the spectrum. The only trace we can find at present is in 
ethyl bromide, in which the radical band about 900 is curtailed 
in one wing. The difference between amyl iodide and amyl 
bromide, is not suflficiently marked to be of any value." 

Alexr. Mitscherlich * was the first to prove that compound 
bodies, when luminous, have a spectrum of their own, and do 
not simply show the superposed spectra of the elements. He 
followed up this important discovery by investigating the 
spectra of different compounds of the same metal, and he could 
not fail to be struck with the similarity which such spectra 
often present. 

Many, for instance, will instantly recognize the spectrum of 

'^ See, however, Appendix B, according to which Roscoe and Clifton, two jean 
previous to Mitscherlich, have shown the difference between the spectmm of an 
element and that of its compounds. 
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the oxide or chloride of calcium as that of a calcium 
compound, without being even aware that these spectra present 
certain well-marked differences. Comparing together the spectra 
of the fluoride, chloride, bromide, and iodide of barium, as they 
appear on Mitscherlich's map, we detect at once a strong 
similarity ; we seem to have one spectrum shifted towards the 
red with increasing atomic weight of the metalloid. At the 
same time the least refracted bands seem to be most affected 
and, as a consequence, the bands appear nearest together in the 
fluoride and farthest apart in the iodide. In the calcium and 
strontium salts we notice the same increase of wave-length in 
corresponding bands with increasing atomic weight, but with 
these two metals the most refracted bands are most affected, so 
that the bands are nearer together the higher the atomic weight. 
Mitscherlich ^ tried to find a numerical expression for these 
relations, and he expresses the law which, according to his 
observation, represents the facts, in the following way : 

** It follows that in the haloid compounds of barium (excepting 
the fluoride) the distance between corresponding spectral lines is 
directly proportional to the atomic weight, and that in the 
haloid compounds of calcium and strontium (excepting again 
the fluoride) these distances are inversely proportional to the 
atomic weights. Further, that there is such a point in the 
spectrum of each metal that the bands keep their relative 
distances from it in the different compounds. Here also we 
must except the fluorides." 

Mitscherlich's measurements were not sufficiently accurate to 
prove his statement satisfactorily, but we can easily test it by 
means of the more exact experiments of Lecoq de Boisbaudran, 
who has carefully mapped the spectra of the chloride (I), bromide 
(II), and iodide (III) of barium. A glance at Fig. 53, which 
represents these spectra according to Lecoq's measurements, 
will show their similarity. 

We ought to inquire whether a connection can be traced 
between the lines of a metal and that of one of its compounds. 

^ Mitscherlich's rnlo is not, liowovcr, confirmed by Lccoq's more accurate 
niestiureiiiciits. 

N 2 
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It would be possible, for instance, that tbe oxide should show its 
bands chiefly at such places at which we find lines in the 
metallic spectrum, and such a rule might be suggested by the 
examination of the calcium spectrum, which shows a character- 
istic group of lines exactly at the place which is filled by the 
green band of the oxide. No general rule can, however, be 
given, and in some cases even the metallic spectrum seems 
particularly free of lines in or about the place in which we find 
the oxide bands. There is at present no hope whatever of 
directly connecting the spectrum of a metal and that of its 
compounds, though, as was seen, we may hope to gain an 
insight into the relations of the spectra of such similar 
compounds as the chlorides, bromides, and iodides, which 
may be supposed to have a similar constitution. 
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Some very interesting changes have been noticed in the 
position of absorption bands when certain colouring matters are 
dissolved in diflferent liquids. We mention the names only of 
Hagenbach, Kmus, and Kundt as having studied the question 
in particular cases. Two papers by Kundt ^ and Claes* contain 
all that is known at present on the subject, but no value ought 
to be attached to the theoretical part of Dr. Claes's paper. 

Kundt examined the position of the absorption bands of 
chlorophyll, anilingreen, cyanin, fuchsin, chinizarin, and of the 
colouring matter of the yolk of egg when dissolved in a number 
of liquids. 

1 Wied. Ann. iv. p. 34 (1878). ' Wied. Ann. ui. p. 889 (1878). 
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In a preliminary examination,^ Professor Kundt had come to 
the conclusion that solvents displaced absorption bands towards 
the red in the order of their dispersive powers. But a more 
complete investigation showed that no absolute law holds. 

Professor Kundt therefore replaces his old conclusion by the 
less definite rule that *' When a colourless solvent has a con- 
siderably larger dispersive power than another, the absorption 
band of a colouring matter dissolved in it, is placed more towards 
the red." 

III. Beldtions of the Spectra ofdiffererit El^iments. 

Various eflforts have been made to connect together the 
spectra of different elements. The attempts in this direction 
generally assume that certain lines in one spectrum correspond 
to certain lines in another spectrum, and the question is raised 
whether the atom with the higher atomic weight has its 
corresponding lines more or less refrangible. In the opinion 
of the writer of this report no definite judgment can as yet be 
given as to the success of these efforts; some of the 
relations traced no doubt are interesting and deserve further 
attention, but most of them are far-fetched, and will very 
probably be proved to have no foundation in fact. Lecoq de 
Boisbaudran has led the way in these speculations, and some 
of the similarities in different spectra pointed out by him are 
certainly of value. But whether his conclusion, that "the 
spectra of the alkalis and alkaline earths, when classed accord- 
ing to their refrangibilities, are placed as their chemical 
properties in the order of their atomic weights," will stand the 
test of further research, remains to be seen. 

Ditte* has tried to find an analogy between the spectra of 
sulphur, selenium, and tellurium, and to establish that the 
spectrum is displaced towards the blue as we go from the 
metalloid to the metal, that is to say, from the lighter to the 
heavier element. An inspection of the spectra in question has 
not led the author of this report to confirm this statement. 
The spectrum of selenium seems more contracted than the 

> Poggcndorff, Jubelband, 615. 2 c. R., Ixxii. p. 622 (1871). 



182 8PECTR UM ANALYSIS. [lect. iil 

spectrum of sulphur, but we cannot ntognize clearly any 
displacement towards the led or towaras the blue. The 
spectrum of tellurium seeoiBy if anything, more to the red 
than that of the other tito metals. 

Messrs. Troost and Hautefeuille ^ have compared the spectra 
of carbon, boron, silicium, titanium, and zirconium, and they 
also come to the conclusion that from the metalloid to the 
metal the spectrum seems progressively to move towards the 
blue. 

As far as the first three bodies are concerned the relation 
seems, at first sight at any rate, to have some foundation, for 
we have here to deal with three spectra which, on the whole, 
resemble each other in appearance, and which seem to be 
displaced according to the suggested law. 

Ciamician^ has compared together the spectra of chlorine, 
bromine, and iodine, and has arrived at the following conclusion : 

'• The spectrum of vapour of bromine at low pressures becomes 
the more nearly like that of chlorine the smaller the pressure, 
while the spectrum of condensed bromine more nearly resembles 
the spectrum of iodine. Iodine, on the other hand, gives a 
spectrum resembling that of bromine at moderate pressures 
only; at very low pressures an analogy with the chlorine 
spectrum takes preponderance over that with the bromine 
spectrum. The spectrum of highly condensed iodine vapour 
cannot well be compared with that of the other two bodies. 
Chlorine, when it is highly condensed, gives a spectrum 
resembling that of bromine at large pressures and of iodine 
at moderate pressures ; while at low pressures the spectrum of 
chlorine has no analogy to that of the other two elements. 

" If we collect together for each body all the lines which 
appear separately under different circumstances, we can estabUsh 
a complete correspondence between the lines of the three 
complete spectra." 

We have quoted Ciamician's results, as his experiments seem 
well conducted, but we must reserve our opinion as to the 
reality of the reJations pointed out by him. 

^ C. E., Ixxii. p. 620 (1871). « Wicn. Ber., Ixxriu. (1878). 
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Selective Absorption. — Coloured Vapours. — ^Atmospheric Absorption. — 
Iodine. — Bromine. — Chloride of Iodine. — Nitrous Fumes. — Metallic 
Vapours. — Liquids and Coloured Solutions. — Blood Bands.— Chloro- 
phylL — Connection between Absorption Spectra and Chemical Con- 
stitution. — Selective Absorption by Solid Bodies. — Didymium Salts. — 
Applications of Spectrum Analysis. — Blood Poisoning.— Colouring 
Matters. — Spectrum of the Bessemer Flame. — Fluorescence and 
Phosphorescence. — Construction of High Power Spectroscopes. — 
Arrangement for Diffraction-Spectra. 

Appendix A. — On the Spectrum of the Bessemer Flame. 
Appendix B. — Spectroscopic Measurements and Appliances. 

Appendix C— On the Spectra of Erbium and Didymium, and their 
Compounds. 

The subject to which I beg your attention to-day is one of a 
somewhat diflferent character from that which we have already 
considered. Hitherto we have confined our attention to the 
character of the light emitted by incandescent bodies ; we find, 
however, that many substances, not only gases, but liquids, and 
even solid bodies, exert at the ordinary temperature of the air a 
selective absorption power upon white light when it passes 
through them. This eflfect can easily be rendered evident to 
you when I hold this globe filled with the red coloured vapours 
of the oxides of nitrogen before the slit of our electric lamp. 
We now see that the continuous spectrum of the carbon points 
is crossed by a large number of dark bands and lines, and 
observation has shown that these are as characteristic of and 
as peculiar to this gas as are the bright lines emitted by an 
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iucandeacent vai>our. For instance, if I replace tlie red nitroao 
fumes by this violet vapour of iodiue you will observe anollH 
series of dark bonds which are caused by iotline and by no oiIm 
known substance. We can of course measure the position 
these absorption bands exactly as we do that of the bright lines. 
For this purpose we have only to place the absorptive medium 
in front of the slit of our spectroscope, and allow the light from 
a flame of coal gas or petroleum to pass through the coloured 
substance. Fig. 54 gives a rough representation of the absorp- 
tion spectra thus produced, the dark bands being seen on a bock; 
ground of a continuous spectrum. 
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It is well to remember that the very fact of a gas boiug 
coloured indicates an unequal absorptive power for the various 
constituents of white light, and also that gases which 
colourless in small bulk may prove to be coloured, and therefoi 
to give absorjition bands, when the light passes through a thi 
stratum. Thus for instance ozone or modified oxygen is colonrleas 
when seen in small quantity but possesses a blue colour, and 
shows distinct bands when the light is allowed to pass through a 
long column of the gas. Moreover M. Janssen was able to 
observe the peculiar bands due to aqueous vapour, which is 
colourless when seen in small quantity, by passing a ray o( 
light through a tube 100 feet long tilled with high-pressure 
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Tliese banJs are iilentical io position witli certain brotul liaik 
liues seea iu sunlight, especially when the sim is low on tliu 
lorizon and wheD tie earth's atmosplifcre is charged witii 
aqunoua vapour. Certain other dark liniw, which also increase 
in intensity ae the altitude of the »un diminishes, are probably 
dite to the absorption of oxygen aiiil nitrogen ; both these classes 
of lines have been termed attnosplieric lines because produced by 
the sun's rays passing through the earth's atmosphere. Fig. 65 
gives a general idea of the distribution of these atmospheric 
lines, which were fiist observed by Sir David Brewster in 1833, 
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iiiul afterwards [napped by himself iind Dr. Gladstone, and more 
recently by Prof. Angstriini. Fig. 56 ia an accurate map of the 
telluric lines observed by Janssen in a column of steam. The 
important results of liia researches aie, (1) that Brewster's dark 
bands are resolvable into fine hnea comparable with Fraunbofer's 
lines, and (2) that the terrestrial atmosphere produces iu the 
spectrum a system of fine lines, so that the absorptive action 
exerted by our own atmosphere is analogous to that of the sun in 
spite of the enormous difference in temperature. All the dark | 
linos seen in tho lower, but not found in the upper spectrum 
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(Fig. 56) have a telluric 
origin, and they have been 
designated by Greek letters, 
and are classed in groups 
according to their position 
with regard to well-known 
solar lines. 

The telluric lines situated 
close to the D lines, but 
rather less refrangible, are 
seen to be considerably 
strengthened before a heavy 
shower of rain. In dry 
weather on the other hand 
they are but indistinctly seen, 
even when the sun is near 
the horizon. These lines in 
spectroscopes of small dis- 
persive power are not re- 
solved but appear as one 
dark band lying on the red 
side of the sodium D lines, 
and this has been called 
the "rain band." Another 
telluric band in the yellowish 
green is also seen, but this 
appears to be less aflfected 
by the changes in the 
weather. Attempts have 
been made thus to predict 
coming rain by means of the 
spectroscope, and these seem 
to have been successful in 
the hands of experienced ob- 
servers, particularly of Piazzi 
Smyth and Rand Capron. 
From the observations of 




s 



LECT. IV.] THE BAIN BAND. 187 

Professor Smyth spread over seven months, it appears that when 
the rainband was seen at its maximum of intensity, rain followed 
in 92 cases out of 100 ; whilst when at its minimum, fine weather 
continued in 79 per cent of the cases.^ 

That this property of gases to exert selective absorption and 
to give peculiar dark band spectra may often be advantageously 
employed for the purpose of tracing the chemical composition 
or constitution of a gas may readily be illustrated. Here I have 
two glass globes each filled with a reddish brown-coloured gas ; 
by the naked eye no diflference can be perceived between them. 
Moreover many of their chemical properties are so closely allied 
that it is not very easy to show that they are in reality different 
substances, indeed a chemist of no less renown than Liebig 
himself acknowledged that he had mistaken the one for the 
other.* This brown gas is the element Bromine ; this one is a 
compound of the two elements Chlorine and Iodine. If we 
examine these gases by means of a spectroscope their essential 
difference at once becomes manifest, for we notice that whilst 
the spectra exhibit a resemblance at first sight, none of the 
bands in the one spectrum are found on examination to coincide 
with those of the other, and we see, moreover, other differences, 
such for instance as that in the bromine spectrum, six bands 
occur in the red beyond any found in the spectrum of the iodine 
mono-chloride.* 

1 *• The Rainband, How to Observe It." By H. R. Mill. Adam Hilger, 204, 
Stanhope Street, Loudon, N.W. (1888). 

3 ** 1 know a chemist who, while at Kreuznach, many years ago undertook an 
investigation of the raother-liqnor from the salt works. He found iodine in it ; 
he observed, moreover, that tne iodide of starch turned of a fiery yellow by 
standing overnight. The phenomenon struck him, he produced a large quantity 
of the mother-liquor, saturated it with chlorine, and obtained by distillation a 
considerable amount of a liquid colouring starch yellow, and possessing the 
external properties of chloride of iodine, but differing in many of its reactions 
from the latter compound. He explained, however, every discrepancy most 
satisfactorily to himself, contriving for himself a theory on it CEr machU sich 
eine Theoria darilber). Several months later he received the splendid paper of 
M. Balard, and on the same day, he was in a condition to publish a series of experi- 
ments on the behaviour of bromine with iron, platinum, and carbon, for Balard's 
bromine stood in his laboratory, labelled "liquid chloride of iodine." Since that 
time he makes no theories unless they arc supported and confirmed by unet^ui- 
vocal experiments : and I can positively assert that he has not fared badly by so 
doing " (Liebig). 

' KoBcoe and Thorpe, "Absorption Spectra of Bromine and Iodine Mono- 
chloride." Phil. Trans. 1877, part i. p. 207. 
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Nor is the production of absorption spectra confined to non- 
metallic gases ; the vapours of certain metals when examined at 
comparatively low temperatures also exhibit definite absorption 
spectra. Thus for example this green coloured gas which I 
obtain by heating a small globule of .the alkali-metal potassium 
in a glass tube filled with hydrogen, yields a complicated but 
perfectly definite series of dark bands, by help of which the 
presence of metallic potassium can be ascertained with as much 
certainty as when the bright red and violet lines of the emission 
spectrum are observed. So, too, the vapour of sodium shows a 
definite absorption spectrum quite distinct from that of potas- 
sium. In all probability the complexity of the gaseous molecule 
yielding these channelled-space spectra is greater than that of 
the molecule existing at higher temperatures when line spectra 
only are seen.^ 

A most striking instance of the selective absorption exerted 
by liquid and solid bodies is that of the salts of the rare metal 
Didymium. These possess the power of absorbing from white 
light certain definite rays, so that if I place some of the solution 
in the path of our continuous spectrum, we get the broad dark 
bands by which, as Dr. Gladstone has shown, the presence of 
didymium may be recognized when present even in very minute 
quantities. As in the case of aqueous vapour, so here it is true 
that, although these didymium absorption lines are so black, and 
serve as such a reliable test of the pi-esence of this metal, yet 
the fraction of the total light which is absorbed is so small 
that the solution appears colourless. From the experiments of 
Bunsen on this subject we learn that the various didymium 
compounds do not exhibit exactly the same absorption lines, 
and that if light is allowed to fall upon a crystal, the dark bands 
also dififer according to the direction in which the light passes 
tlirough (see Appendix C). 

" The differences thus observed," says Bunsen, " cannot as yet 
be connected with other phenomena. They remind one of the 
gradual alterations in pitch which the notes from an elastic rod 
undergo when the rod is weighted." 

^ Roscoe and Schuster, Proc. Roy. Soc. xxii. 362. 
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Some interesting cases of this shifting of bands in diflferent 
compounds of the same body have been described by Professor 
Russell,^ who has subjected the cobalt salts to a very careful and 
most instructive examination. The anhydrous bromide of 
cobalt, for instance, was found to give an absorption spectrum 
very similar to that of the chloride, but there is a general 
displacement of all the bands towards the red corresponding to 
the increased atomic weight of bromine. The effect on the 
most refrangible band is stronger than that on the other two 
bands, which is contrary to what Bunsen has observed in the 
case of didymium acetate. 

Remembering these changes, we must accept with great 
caution any conclusions as to chemical composition derived 
solely from variation in the absorption spectra.^ Indeed, it has 
been shown that even careful observers may be led to false 
conclusions by relying too implicitly on the complicated absorp- 
tion bands which certain mixtures may yield. In experienced 
hands, however, the examination of the distinct absorption 
spectra yielded by the metals of the rare earths has proved to 
be of the greatest service as a means of distinguishing between 
these closely allied elements. 

The solutions of many other coloured metallic salts possess a 
similar property of yielding definite absorption lines, and Dr. 
Gladstone finds that with very few exceptions all the compounds 
of the same base, or acid, have the same effect on the rays of 
light : thus the chromium salts (both green and purple) exhibit 
the same form of absorption spectrum (Fig. 57). Fig. 58 shows 
the bands produced by potassium permanganate solution con- 
tained in a wedge-shaped vessel. The right-hand corresponds 
to the red end of the spectrum, and the letters refer to the 
position of Fraunhofer's lines. The absorptive action of the 
solution is most powerful at the upper part of each drawing, 
which represents the spectrum seen where the layer of solution 

^ Phil. Trans. (1881), p. 887, al«) Proc. Roy. Soc. xxxii. 258. 

^ It has been found that the absorption bands attributed to a new metal con- 
tained in zircons are due to a miztnre of salts of zirconinm and nraninm. This 
mixture appears to afford a most delicate means of detecting the presence of 
uranium, tor bands appear in the mixture which are not seen when the two 
metids are examined separately in much larger quantities (Sorby). 
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was thickest, and dimioisliiag towards the lower part of t 
figure. 

Even some compounds wluch are usually coiisidered as colut 
less, such as nitric acid and the nitrates of potash and i 
show spectra, which, according to Soret, are not only qualitatively^ 
but quantitatively, identical, that is to say, a given quantity o 
nitric acid in solution gives a characteristic absorption, band t 
exactly the same width and darkness whether observed by il 
alone, or when combined with a transparent base. 

In like manner Messrs. RusscU and Lepraik have shown tfai 
colourless organic liquids wh«n examined in columns, varyiuj 




from two to eight feet in thickness, exhibit definite absorptigl 
bauds by which the special compound can be recognized.* 

A variety of other substances possess this selective powej 
Some of the mere interestiog absorption spectra axe sbowi 
on Figs. 59 and 60. In both of these, the position of the iJarltl 
bands is referred to the fixed dark lines of the solar spectru4 
indicated by vertical straight lines and by the letters of 1 
alphabet. Spectrum No. 1, Fig. 59, is that of the violet-colooi 
solution of potassium permanganate; No, % that of arterial c 
oxidized blood ; No. 3, that of venous or reduced blood ; Ko. i 
that of a solution of dldyminm chloride ; No. 5, that of one ( 
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erbium chloride ; No. 6, that of one of uraaium nitrate, and 
No. 7, that given by glaaa coloured blue by oxide of cobalt. 
Fig. 60 exhibits the absorption spectra of the very interesting 
colouring matters contained in the madder root(Rubia tinctorum). 




but now artificially prepared from coal-tar, and known as the 
alizarine colours. The selective absorption exerted by the 
artificial colouring matter is precisely the same as that observed 
1 the caae cf the iiatiiral madder dye, and hence the perfect 
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identity of the colours is placed beyond doubt. A remarkabls 
difference is noticed between tbe absorption spectrum of t' 




same substance according to tbe nature of the liquid used foij 
its solution ; thus Nos. 4, 5 aod 6, Fig. 60, distinctly differeifl 
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t spectra, are all liiie to llie one colouring matter purpurine, in the 

first instance dissolved in ether, in the second in carbon disul- 

phide, iind in the third in alkali. Spectrum No. 1 is that of an 

alkaline solution of alizarine ; No. 2, that of ttavopiirpunne and 

L No. 3, that of isopiirpurine, whilst No. 7 is that of an alcoholic 

[solution of chlorophyll, the green colouring matter of leaves, 

I and No. 8 that of phyllocyanine, another colouring matter 

I obtained from living plants. It is to be noticed, however, that 

T frufiuontly the spectrum of chlorophyll only exhibits one band, 

I viz. that near C, the other bands being visible when either a 



4 


I^H 



f concentrate il solution or a thick layer of the chlorophyll is 
lemphiyed. 

Pnifi!Ssor Stokes, who has examined the spectra of these 
fteolouriug matters, wiys: "The characters of these subjects 
3 marked that I do not know any substance with which 
Either of them could be confounded, even if we restricted 
■ourBelvea to any one of the solutions yielding the peculiar 
Ispertra. Not only so, but these properties enable us to detect 
lunall quantities, in the case of piirpnrine the merest trace, 
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of the substance present in the midst of a quantity of im- 
purities." ^ 

I may now show you that if I take a solution of blood, and 
place the cell containing it before the slit, we get these distinct 
dark absorption bands, due to the presence of the blood (Fig. 
61). This (1) is the red blood; deoxidized blood gives a different 
appearance. Here (1) you see the two bands due to the oxyhaemo- 
globin ; whilst this portion of deoxidized blood gives only one 
black band (2), somewhat similar, but not identical in position with 
the dark band in magenta which I now throw upon the screen. 
This subject was fii'st examined by Professor Stokes, who pub- 
lished a paper on the subject in the Proceedings of the Royal 
Society for 1864. From this we learn that " the colouring matter 
of blood, like that of indigo, is capable of existing in two states 
of oxidation, distinguishable by a difference of colour and a 
fundamental difference in the action on the spectrum." These 
two forms may be made to pass one into the other by suitable 
oxidizing and reducing agents, and they were termed red and 
purple cruorine, but are now known as oxyhsBmoglobin and 
hajmoglobin. 

I have here a drawing of Mr. Stokes's diagram of the blood 
bands. At the top (Fig. 61, No. 1) you see the position of the 
two bands of the scarlet cruorine, or oxyhaemoglobin. The 
deoxidized blood is seen in No. 2 to have only one dark band. 
By the action of an acid on blood the cruorine is converted into 
haimatin, yielding a different absorption spectrum; and this 
hsematin is capable of reduction and oxidation like cruorine. 
The absorption bands of haematin and reduced hsematin are 
represented in Nos. 3 and 4. The more recent investigations 
of Soret have shown the existence of another blood band in 
the violet. 

One veiy interesting point to which I must refer is the fact 
that the blood, when it contains very small quantities of carbonic 
oxide gas in solution, exhibits a very peculiar set of bands. 
And the poisoning by carbonic oxide — for, as is well known, the 

^ Journal of the Chemical Society, vol. zii. p. 21. 
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poisoD of burning charcoal is due to this gas — can be readily 
detected by the peculiar bauds which the blood containing 
carbonic oxide in solution exhibits ; and hence we have these 
absorption hues coming out as a most valuable aid in topological 
research. 

A valuable suggestion as to the n\ode of accurately measuring 
the position of tliese various absorption bands of the blood- 
colouring matters has been made by Professor Ray Lankester,^ 
in referring to the numerous and well-marked absorption bands 




of the red nitrous fumes N^O, as a fixed scale upon wbich the 
places of the blood bands can be easily marked. 

The instrument by which all these beautiful absorption 
phenomena can be observed with delicacy and accuracy is simply 
a spectroscope placed in connection with a microscope (Fig. C2). 
Here we have the instrument.^ The eyepiece contains prisms, 
so placed as to enable the refracted ray to pass in a straight 
line to the eye. Such spectroscopes are termed direct-vision 

' Journdl of Anatomy and Th^oloKy, vol. iv. p. 110. 

' W. Haggini, "On the Pnainatic Examiuation of Hicrogcopic Objech" 
(Ti-anu. Micro»>iopicaI Society, May 10, 1365). 
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instruruenttf. Tiiis (Fig 63) ia a (liagrani showing tlie stnictt] 

of the eyepiece which I hoUl iu my hand. This is the first lews 
of the eyepiece ; here h the adjustable slit, for we must have a 
Hue of light in order to get a pure spectrum. Whea the Ught 
[lasses through the secund leus, the rays are rendered pamllel ; 
aud theu they pass througli this compouud prism, cotisistjtig of 




thrcf crowii-gliiss prisiiis p3acod in one direction and two fliiij 
glass prisms placed in the opposite direction, so that we Bee the 
spcctiinn by looking straight at the source of light, or have a 
direct-vision specti^oacope. In this way, theu, the absorption 
bands can be very be-iutifuUy seen ; and, what is important, we 
can, by means of this little moveable mirror, send a ray of light 
(shown in the dotteil line) ttirough the slit at one side of t' 
iiistrumfut, which being retiectt'd uiJWiirds pusses through ^ 
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prisms along with the other light which comes from the object 
under the microscope, and so observe tlie two spectra one above 
the other : and thus it is that we can tletect, for instance, the 
presence of blood. Supposing we wish to know whether a 
substance is blood which we have in solution : nothing is easier 
than to place a small quantity of the liquid supposed to be blood 
on the table of the microscope, and to bring a small quantity of 
blood in a tube, placed before the slit in the side of the instru- 
ment, so as to compare the spectrum obtained from the body 
under examination with that of the body which we know is 
really blood. This instrument, which in the hands of Dr. Sorbj'' 
has taught us how to detect y^^th part of a grain of the red 
colouring matter in a blood-stain, and by means of which I have 
seen the characteristic bands in the blood circulating in a frog's 
foot, is a most beautiful one, and the method of microscopic 
spectrum analysis must every year become a more and more 
trusted and valuable means of research in medico-legal in- 
vestigations. 

The application of photography to spectrum analysis, to a 
description of the methods of which I shall refer in a subsequent 
lecture, has also been of the greatest assistance in enabling us 
to obtain a knowledge of the arrangement of the absorption 
bands of chemical substances in portions of the spectrum which 
are invisible to the human eye. We have already seen (p. 29) 
that not only can an image of the invisible portions of the 
spectrum lying beyond the violet be imprinted on the sensitive 
photographic film, but also that those rays possessing a lower 
degree of i*efrangibility than the last visible red, can in like 
manner leave their impress on a film specially prepared by 
Abney's method. Both in the ultra-violet, and in the ultra-red 
portions of the spectrum definite absorption bands occur when 
different absorptive media, often colourless bodies, are placed in 
front of the slit of the spectroscope, and these bands serve as 
means of detecting the presence of given chemical elements or 
compounds, as do the bright bands of the emission spectra. 
Moreover this method of investigation enables us to employ 
spectrum analysis in the examination, at ordinary temperatures 
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of organic liquids and vapours which are altogether decomposed 
at higher points, and thus opens out an entirely new and fertile 
field of research. Amongst the recent work done in this subject 
the experiments of Messrs. Hartley and Huntington in the most 
refrangible or ultra-violet portion, and of Messrs. Abney and 
Festing in the least refrangible or ultra- red rays, are well 
worthy of note. The results arrived at by the first of these 
observers may be generally stated to be that the power to 
yield definite absorption bauds in the ultra-violet is confined 
to a particular class of organic compounds, viz., to those the 
constitution of which is usually considered by chemists as 
represented by carbon atoms doubly linked together in the 
benzene ring. The researches of Abney and Festing are of great 
interest, inasmuch as they point the way to the establishment 
of a physical test of the existence in organic compounds of the 
so-called organic radicals which chemists suppose to form a kind 
of common nucleus in whole families of allied bodies, and, 
therefore, giving the means of recognizing the chemical structure 
of an organic compound by means of the spectroscope. This 
effects for what I may term the organic metals, that which 
ordinary high temperature spectrum analysis does for the 
inorganic metals. Thus characteristic and distinct absorption 
lines and bands occur for each '* organic metal." All the ethyl 
compounds show one " ethyl " band, the methyl compounds a 
special " methyl " band, and just as a glance at the luminous 
portion of the spectrum satisfies us of the presence of calcium 
or lithium, so a simple inspection of these infra-red photographs 
enables us to ascertain the presence of the various organic radicals. 
The future developments of this interesting branch of inquiry 
will be watched by all with great interest. 

Allow me next to point out to you some of the more interesting 
practical applications of spectrum analysis. And first I may men- 
tion the application of spectrum analysis to the important branch 
of steel manufacture which has been introduced and is well known 
under the name of the Bessemer process. In this process ten 
toDs of cast-iron are in twenty minutes converted into cast-steel. 
Stool differs from o^st-iron in containing less carbon, and by the 
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Bessemer process the carbon is actually burnt out of the molten 
white-hot cast-iron by & blast of atmospheric air. The arrange- 
ment em[iloye*l for tliia purpose is shown on this diagram 
(Fig. 64). 



^ 




Tlie exact nature of the chemical changes which occur in this 
I most interesting process I cannot at present discuss, hut mainly 
I they are as follows: — In the first place the graphite which is 
(contained in the pig-iron is converted into combined carbon ; in 
I tJie second place, we find that the silicon begins to burn off, and 
I that aftei-wards the combined carbon is oxidized. The following 



200 



SPECTRUM ANALYSIS. 



[tECT. IV. 



analyses of portions of metal taken out during the operation 
show this gradual diminution in the silicon and combined 
carbon, until in the fourth sample we find that from one- to 
two-tenths of carbon remain, whilst only a few hundredths, or 
mere traces, of silicon are left. 



ANALYSES SHOWING THE CHEMICAL CHANGES OCCURRING IN 

THE BESSEMER CONVERTER. 

Samples of Metal taken out at various stages of the operation, vix. : 

(I) Original Pig-iron. (2) Taken out at end of first stage (6 min.) 

(3) „ „ boil (12 mini.) 

(4) „ „ blow. 

(5) After addition of spiegeL 



From the Atlas Works, Sheffield. 

iron. 8tebl. 

(1) (2) (8) (4) (5) 

Graphite 2*670 — — — — 

Combined Carbon . . I'OOO 8*040 1-640 0*190 0870 

Silicon 2*260 0*955 0*470 trace trace 

Phosphorus 073 0*070 070 0*070 0*059 

Sulphur 0*107 0*091 0098 0098 0*090 

Manganese 0*410 trace trace trace trace 



The molten cast-iron is run into a large wrought-iron vessel, 
termed the converter (c), lined with refractory clay. Tlie 
converter is capable of being turned round on a pivot (a), 
through which pivot passes a tube in connection with a powerful 
blowing apparatus, by means of which air can be thrown into 
the bottom of the vessel, through a sort of tuyere or blowhole 
into the molten iron. The oxygen of the air bums out the 
carbon and silicon which the cast-iron contains, and the heated 
gases issue in the form of a flame (f) from the mouth of the 
converter during the time that the molten iron is being burned. 
This flame varies in appearance, and it is of the utmost im- 
portance that the operation should be stopped instantly when 
the proper moment has arrived. If the blast be continued for 
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ten seconds after the proper point has been attained, or if it 
be discontinued ten seconds before that point is reached, 
the charge becomes either so viscid that it cannot be poured 
from the converter into the ladle (l), from which it has to be 
transferred to the moulds, or it contains so much carbon as to 
crumble up like cast-iron under the hammer. 

Those who are accustomed to work this process are able by 
the simple inspection of the flame to tell with more or less 
exactitude when the air has to be turned oflf. To those who 
are uninitiated in this peculiar appearance of the flame no 
diflference at all can be detected at the point in which it is 
necessary to stop, but by the help of the spectroscope this point 
can be at once ascertained beyond shadow of doubt, and that 
which previously depended upon the quickness of vision of a 
skilled eye has become a simple matter of exact scientific 
observation. The light which is given oflf by the Bessemer 
flame is most intense, indeed a more magnificent example of 
combustion in oxygen cannot be imagined. A cursory examin- 
ation of the flame spectrum in its various phases reveals 
complicated masses of dark absorption bands and bright lines, 
showing that a variety of substances are present in the flame in 
the state of glowing gas. 

By a simultaneous comparison of the lines in the Bessemer 
spectrum with those of well-known substances I was able in the 
year 1863 to detect the following substances in the Bessemer 
flame: sodium, potassium, lithium, iron, and hydrogen, and 
others which I attributed to nitrogen and carbon. At a certain 
stage of the operation I found that all at once the lines supposed 
to be due to carbon disappeared, and we got a continuous 
spectrum. The workman by experience has learned that this is 
the moment at which the air must be shut oflf; but it is only by 
means of the spectroscope that this point can be exactly 
determined. 

The following table gives you a good idea of the changes seen 
to take place in the flame, (1) as seen by the unaided eye, (2) 
as seen by the aid of the spectroscope. 
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Stage. 



Ist. 



2a. - 



3(1. ^ 



Time. 



About 
min. 4 aec. 



4 „ 



6 „ 



6 „ 

8 „ 



r 8 „ 10 „ 



U 10 „ 14 „ 



fi 14 „ 10 „ 



16 „ 18 „ 



Api'earance op 
Flame to Eye. 



Appearaxcb of Spectrum. 



No flame seen. 



Small i>ointed flame. 



Faint continuous spectrum, due 
to sparks of burning metaL 

Brighter, with yellow sodium 
line flashing out. 



Unsteady flame, Bright continuous, with sodium 
with explosions. line permanent. Red lithium 

line, red and violet potassium 
lines. 

Very bright and ' Bright lines in red, green, and 

blue, with preceding spec- 
trum. 

Bright green lines more dis- 
tinct. 

Bright green lines become faint. 



dense flame. 



Flame less dense, 
but bright. 

Flnmo diminishing 
in size and in- 
tensity. 

Flame drops ; blow 
ends. 



Bright green lines suddenly dis- 
ap|)ear, leaving a continuous 
s|>ectrum. 



. 



No. 2, Fig. 65, represents the general appearance of the 
Bessemer spectrum towards the close of the "blow," drawn 
according to the plan proposed by Bunsen (see page 107). The 
striking analogy between the flame spectrum and that of carbon 
(No. 1, Fig. 65) renders it at first sight probable that the 
principal lines of the Bessemer spectrum are due to carbon in 
some form ; and this conclusion is strengthened when we find that 
the lines disappear at the moment when, by chemical analysis} 
we can show that the carbon has been burnt out. Still it has 
been stated that the lines are due to the presence of manganese, 
although they are brightly seen in the working of certain iron 
ores (sucb as the Ulvcrstone beds) which contain scarcely any 
of this metal. And, singular and at present unaccountable 
as it may appear, it has been shown beyond doubt by Dr. 
Marshall Watts, that the bright lines in the Bessemer flame are 
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in reality not identical with carbon lines, as we had long 
believed, but with those of oxide of manganese. Fig. 66 on 
page 204 shows this singular fact clearly: No. 1 gives the. 
iron spectrum ; No. 2 that of the Bessemer flame ; No. 3 
that of oxide of manganese ; and No. 4 the spectrum of the 
Spiegel flame. Here again we must be content accurately to 
record ascertained facts, leaving the explanation for a future 
time. When the spiegeleisen is brought into the converter, a 
very bright flame issues from the mouth of the vessel, and this 
flame exhibits a spectrum (No. 4, fig. 66) which really contains 
the same lines as that of the Bessemer flame, although the 
general appearance of the spectrum is completely changed by 
the alteration of the relative brightness of the lines. 

Those who are practically engaged in working this process 
would like spectrum analysis to do a great deal more; they 



NOl. 
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NO. 2. 
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Fig. 65. 



would like to be told whether there is any sulphur, phosphorus, 
or silicon in their steel : questions which unfortunately at 
present spectrum analysis cannot answer, for this very good 
reason, that these substances do not appear at all as gases in the 
flame, but that they either remain unvolatilized in the molten 
metal, or swim on its surface in the slag of the ore ; and con* 
sequently the lines of these bodies are not seen in the spectrum 
of the flame. 

Another valuable application of the principles of spectrum 
analysis in addition to those already referred to, consists in the 
employment of absorption-spectra for the detection of adul- 
teration in wines. It is well known that various colouring 
matters are used in the falsification of red wines ; the presence 
of certain of these can at once be recognized by their peculiar 
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dark bands, whilst others can, in like manner, be detecteil by 
the previous addition of certain reagents such as ammonia.^ 

We may now ask ourselves what becomes of the light absorbed 
by these various coloured substances. It is clear that the rays 
which a body absorbs are not destroyed, for there is no such 
thing as a destruction of energy in the universe. These rays 
when absorbed go to increase the temperature of the body. If 
a medium is absolutely transparent, it cannot be heated by 
radiation, and the more absorbent a medium becomes, the more 
quickly can it be heated by rays passing through it. The 
energy of the incident light is, therefore, converted into 
intra-molecular motion, and into the radiation which the 
absorbent body emits.* 

In the case which we are considering at present, namely the 
one in which the average temperature of the body is only 
slightly raised above that of surrounding bodies, an absorption 
of light must always be accompanied by a conversion of rays of 
higher wave-length into rays of lower wave-length, as the emis- 
sive power for the latter rays is relatively higher at a low 
temperature. As a rule that conversion takes place very quickly, 
and as the rays of low refrangibility which are strengthened lie in 
the infira-red, we only observe a slight increase of temperature in 
the absorbing body. There are some instances, however, in which 
the conversion takes pLice more slowly, and, as it were, visibly. 
In such bodies a blue ray is not converted into an invisible 
infra-red ray, without having first been changed to a green, 
yellow, or red ray. 

If such substances receive a ray of light which they have the 
power of absorbing, they are seen to become slightly luminous, 
emitting rays which are nearly always less refrangible than the 

' (Vogers PraktUche Sp-'cfral Analyse, 1877, p. 293). Sorby has also pointed out 
that the spectroscope may be used to ascertain the age of red wines, e8|>eciu1Iy of 
port, as changes in the absor|»tion spectra of such wines can be traced from year to 
year, up to on o^ of bix yeara. 

^ The conversion of particular vibrations into those of different refrangibility 
has been occasionally quoted as an exception to KirchhofTs law, which states that 
the ratio of the emissive to the absorbing power is indci)endcnt of the nature of 
the bodr, and only depends on its temperature ; but it is in reality a consequence 
of that law when it is applied to the cose of rays coming from a hotter and passing 
through a cooler body. 
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ray which has produced the luminosity. Sir David Brewster 
investigated some cases of this emission of light about the year 
1835, terming the phenomenon " internal dispersion/* Sir John 
Herschel also made a few experiments on the subject, which 
attracted the attention of Professor Stokes, to whom we owe the 
first and most thorough investigation of the phenomenon which 
he subsequently called " fluorescence." One of the principal 
laws which regulate the phenomenon is, according to Stokes, 
that the rays sent out by the fluorescent bodies are always 
less refrangible than those causing the fluorescence. This law 
has recently been doubted, and there is evidence that certain 
exceptions to it exist. 

The fluorescence of bodies is closely allied to other phenomena 
to which the term phosphorescence is usually applied. These 
only seem to be cases in which the fluorescence does not 
disappear on the removal of the light causing it, but subsists 
for some sensible length of time. It has indeed been shown by 
Bccquerel that nearly all bodies which are fluorescent reniain 
luminous for a short time, and he was able to prove this by 
means of a very ingenious appaiatus termed a phosphoroscopo 
(Fig. 67). In order, for example, to show, with this apparatus, 
the phosphorescence of this small crystal of fluor-spar placed in 
the small stirrup (a) between the two screens (A B) which I can 
set into rapid rotation, and then allow our powerful electric 
light to shine upon the back of the closed cylindrical box* From 
the peculiar construction of the instrument, you cannot see the 
light when by means of the handle I rotate the perforated 
screens which move inside the fixed box ; for these screens (p P 
and M m) are so arranged that when the front slit (o) in the box 
is open that at the back is closed, and vice versd. If I now cause 
the perforated screens to rotate, the crystal will be exposed to 
the light placed behind the box for a series of very short spaces 
of time, and will also be seen by you through the front hole for 
a series of equally short moments. If I turn the handle slowly, 
after darkening the room, you do not see the fluor-spar ; but if 
I increase the speed of rotation so that the times of illumination 
and of observation do not exceed the xT^W^^t part of a second. 
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1 will observe that tlic crystal glows with a very fH:Tceptiblo 
amount of light, or in other words it becomea pliosph orescent 
This crystal of nitrate of umniiiin produces a more brilliant 
appearance. But many substances, such as sulphur, quartz, the 
metals, and liquids, cannot be made thus to phosphoresce. 

Becquerel has carefully examined the spectra of these 
^usphoresceut bodies, and he bos found that the hglit emitted 




r many of them is of a pecuhar kind ; that they, in fact, give 
token spectra, or bands of differently coloured rays. Thus in 
[. 68 we have a representation of the phosphorescent spectra 
' several substances : alumina, when phosphorescent, emits a 
i light, and its spectrum (No. 1) exhibits four bands between 
Be liucs C and u in the solar spectrum j diamond (No. 3) emits, 
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when phoBpliorescont, liglit of many ilegreea of rt:rraii)^ilH 
giving an almost continuous si>ectnim streti^liiDg from B iu the 




red to beyond o iu the indigo ; arragonite (4) also gives a ■ 
tinuous spectrum ; whilst native phosphate of lime (5). fiuoH 
{6}. and nitrate of uranium (7), efich pliosi>horesces witlJ 
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Qisaton of a peculiar light, as is seeu iu the varying cliai-a«tei- 

of UiB above spectra. 

The different rays of the solar spectra possess a very different 
puwur of producing pliosphorescence. By far the most powerful 
iu this i-eapect are the more refrangible rays. Phosphorescent 
budies exposed to the so-called chemically active portion of tlie 
jctnim emit light wliich, as we have seen, varies from red 
violet, and as a rule depends only ujxin the nature of the 



. Bewjuerel has discovered a singular property of ceilain 
>horescent bodies. Thus It appears that whilst these bodies 
I rendered phosphorescent when exposed to ultra-violet rays, 
infra-red rays have the power of rapidly destroying the 
faainosity thus produced. If then we place aucb a phusphoresceiit 
surface in a spectrum which contains infra-rod, and therefore 
invisible, bands or rays, we shall notice that the phosphorescence 
I destroyed wherever the image of such a band is formed, 
xjuerel has apjjlied this method with success to tlie study of 
e infra-red lines emitted by luminous gases, and his observatinun 
{I found to agree well with the photogr.iphs obtained by Captain 
"may's process. 



210 smt'TRVM ^SALYAIS. [lkct.iv. 

I will next show you ilmt Uie property of phosphoresce Dce is 
possessed by certain substances to such a high degree that they 
remain luminous for many hours after exposure to light. Thus 
the tubes which, when the room is darkened, you perceive to 
glow with red, yellow, green and blue light, were all exposed 
this morning for five minutes to the direct suulight, and still 
each emits its peculiar light. This property, which is especial 
well marked in the sulphides of the metals of the alkal 
earths, calcium, strontium aad biriuin, has been made use of I 
the late Mr. Balmain for thf- production of the now well knoi 




luminous paint. There remain, however, of course, other ¥ 
known cases of phosphorescence like ihat of the glow-wonp, i 
that produced by the slow combustion of phosphorus, but | 
these sources of light give continuous spectra they are of 1^ 
interest to us at the present moment. 

All the spectrum observations which I have hitherto mentioned 
civn be made, and are best nnade with the smaller inat^onlent^ 
such as those 1 have described in my second lecture. But I ultall 
soon have to draw your attention to more delicate observntjoi 
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r wliich can ouly be carried on witli inatrumenta of high power. 

Pig. 71, shows, for ioBtance, the spectroscope used by Professor 

Kirchhoff in his classical researches on the solar spectrum, which 

will form the principal subject of my next lecture. The light 

L after passing through the collimator was successively refracted 

Bibrough four prisms, each prism increasing tlie lengtli of the 

jctrum. which is observed through the telescope B, Kirchhofrs 

■success encouraged other observers to use still larger instruments 

pond still further to increase the number of prisms. In Fig. 69 




) have for instance a specti-oscope made for Mr. Gassiot, in 
which there are nine prisms, and tn which the light is actually 
^nt round, so that the incident and emergeut beams cross each 
Crt-her's ]uith, as is seen in Fig. 70 giving a plan of the insti-u- 
paents, and showing the path of the light through the prisms, 
t some spectroscopes the light after having passed through a 
nuiDber of prisms is reflected hack and passing once more 
igh them has its di.spersion doubled. Mr. Hilger has ex'eu 
ide one spectroscope in which the light passed six times in 
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succession through the same train of prisms. There are, 
however, practical reasons why we cannot in this way indefinitely 
increase the dispersion ; for not only is there a considerable loss 
of light at the surface of each prism, but as these surfaces are 
never perfectly plane, and as the glass is never perfectly homo- 
geneous, the lines lose their sharpness rapidly by passing through 
a large thickness of glass. It thus often happens that though 
the dispersion is much increased in large instruments we really 
see less, owing to the loss of definition. 

Attempts were therefore made to increase the dispersion in 
other ways. As we have in bisulphide of carbon a highly 
dispersive substance, hollow prisms have been used filled with 
that liquid. Such are the prisms which I used in my second 
lecture when I projected the metallic spectra on the screen 
(Fig. 28). For accurate observations these prisms have not 
come into use, but M. ThoUon has constructed a compound 
prism ^ in which the dispersion is due to bisulphide of carbon. 
He obtained excellent results, and Professor Piazzi Smyth's large 
spectroscope, which is one of the most perfect in the world, is 
constructed with a number of prisms nearly resembling those of 
Thollon. Unfortunately the refraction of bisulphide of carbon 
is much affected by changes of temperature, and great care must 
be taken to preserve uniformity of temperature throughout the 
liquid. This is difficult when strong light like that of the sun 
or of the electric lamp has to pass through them. 

In the difiraction grating, however, we have an instrument 
which allows us to combine high dispersion with excellent defini- 
tion. These gratings are now ra])idly coming into use for the 
observation of all spectra which are sufficiently luminous. 
Fig. 72 shows a diffraction grating fitted up for observation. 
Collimator and telescope are mounted separately, and are carried 
on stands which admit of accurate levelling. The grating itself 
is carried on a circular table which can be revolved so as to 
bring the spectra of different orders into view. I have described 
at length the action of gratings in my first lecture, and I have 
there stated that one of the difficulties we have to meet on 

' See Appenduc B. 
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observing the higher orders cousisted in the over-lapping of 
different spectra. This difficulty cau be overcome, it' we use a 
prism of small angle placed in such a way that the refraction 
ukes place upwards. Instead of overlapping, the spectra will 
tlien be seen one above the other. The piism can either be 
])U£ed ill front of the slit or between the grating and ihu 
teleatopo. 

The gratings which now are iisnitlly made of speculum metal 
ought to be protected, when u.wd En laboratories, from noxious 



.8 



limes which rapidly tarnish their surface. They are beat placed 

1 an air-tight box with a front of plate-glass as is shown in the 

I must not forget to mention tliat we owe to Mr. 

ttutherfurd, in New York, the important improvements in the 

mntruction of gratings which render thera now almost indis- 

(eiunble to spectroscopists. Professor Rowland of Baltimore, 

vho has lately directed his attention to this subject, has ainu 

KJuced very excellent gratings and csjiecially much improved 

Rfaeir luminosity. He 1ms also succeeded in ruling gratings im ii 
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concave surface of speculum metal. Such a concave grating can 
be used without either collimator or telescope, for it is in itself 
sufficient to form an image of the slit either on a sensitized 
photographic plate, or in the focal plane of the eyepiece which 
must be used for eye observations. 

In the next lecture we shall consider the application of these 
various methods to the study of solar physics. 
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LECTURE IV.— APPENDIX A. 

ON THE SPECTRUM OF THE BESSEMER FLAME. 
BY W. M. WATTS, D.SC.^ 

The October number of the rhilosophical Magazine con- 
tains translations of two Papers by Professor Lielegg, giving the 
results of his observations on the spectrum of tho Bessemer 
flame. As these results are published as entirely new, and no 
mention is made of any prior observations, it is only right that 
attention should be called to the fact that as long ago as 1862 
the same results had been obtained by Professor Roscoe, and 
were published in the form of a short preliminary notice in 
the " Proceedings of the Manchester Literary and Philosophical 
Society " for February 24th, 1863. As the note is extremely 
short, I venture to transcribe it in full : — 

" Professor Roscoe stated that he had been for some little 
time, and is still, engaged in an interesting examination of the 
spectrum produced by the flame evolved in the manufacture of 
cast steel by the Bessemer process, on the works of Messrs. 
John Brown and Co. of Sheffield. The spectrum of this highly 
luminous and peculiar flame exhibits during a certain phase of 
its existence a complicated but most characteristic series of 
bright lines and dark absorption bands. Amongst the former the 
sodium, lithium, and potassium lines are most conspicuous ; but 
these are accompanied by a number of other, and as yet undeter- 
mined, bright lines : whilst among the absorption bands those 
formed by sodium vapour and carbonic oxide can be readily 
distinguished. Professor Roscoe expressed his belief that this 

1 Phil. Map:. (4), xxxiv. 437. 



216 SFECTE UM ANALYSIS. [lbct iv. 

first practical application of the spectrum analysis will prove of 
the highest importance in the manufacture of cast steel by the 
Bessemer process, and he hoped on a future occasion to be in a 
position to bring the subject before the Society in a more 
extended form than he was at present able to do." 

In a lecture delivered before the Royal Institution (May 6, 
1864), a year later than the communication quoted above, Dr. 
Roscoe described the Bessemer spectrum more fully, and pointed 
out the existence of lines produced by carbon, iron, sodium, 
lithium, potassium, hydrogen, and nitrogen. 

An important practical result of the observations on which 
these communications were based was the discovery that the 
exact point of decurbonization could be determined by means 
of the spectroscoj)e with much greater exactitude than from the 
apixjarance of the flame itself, the change in which indicating 
the completion of the process is minute, and requires a length- 
ened experience to detect with certainty. This method of deter- 
mining the point at which it is necessary to stop the blast was 
indeed at that time (1863) in constant use at Messrs. Brown's 
works at Sheffield, and has since been introduced with equal 
success by Mr. Ranisbottom (at the suggestion of Dr. Roscoe) 
at the London and North -Western Railway Company's steel- 
works at Crewe. 

I was at that time acting as inspector to Professor Roscoe, 
and in that capacity conducted a lengthened examination of the 
Bessemer spectrum at the works at Crewe. The residts of that 
investigation were not published at the time, on account of their 
inc()m})letoness ; and I have since then continued in Glasgow 
the same research, which has now extended itself into an inquiry 
into the nature of the various spectra produced by the carbon 
comi)ounds. These experiments are still incomplete ; but under 
the circumstances of the publication of Professor Lieleggs 
])apei*s, I have put together a few of the more important results 
obtained in the examination of the Bessemer spectrumi 

The changes which take place in the spectrum from the 
commencement of the '* blow '* to its termination are extremely 
interesting. When the blast is first turned on, nothing is seen 
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but a continuous spectrum. In three or four minutes the sodium 
line appears flashing through the spectrum, and then becoming 
continually visible ; and gradually an immense number of lines 
become visible, some as fine bright lines, others as intensely 
dark bands ; and these increase in intensity until the conclusion 
of the operation. The cessation of the removal of carbon from 
the iron is strikingly evidenced by the disappearance of nearly 
all the dark lines and most of the bright ones. 

Tlie spectrum is remarkable from the total absence of lines in 
the more refrangible portion ; it extends scarcely beyond the 
solar line &. 

No. 2, Fig. 73, represents the geiKral appearance of the Bes- 
semer spectrum towards the close of the " blow," drawn accord- 
ing to the plan proposed by Bunsen (see page 107). It must 
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be remarked, however, that at the period of greatest intensity 
almost every bright band is seen to be composed of a great 
number of very fine lines. 

The occurrence of alsorptioii lines in the Bessemer spectrum 
is in itself extiemely probable ; and that this is the case appears 
almost proved by the great intensity of some of the dark lines 
of the spectrum. It was with this view that the investigation 
was commenced, with the expectation that the spectrum would 
prove to be a compound one, in which the lines of iron, carbon, 
or carbonic oxide, c&c. would be found, some as bright lines, 
others reversed as dark absoq^tion bands. To a certain extent 
liis anticipation has been verified ; but the great mass of the 
lines, including the brightest in the whole spectnim, have not as 
yet been identified. 
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In dealing with a complicated spectrum like that of the Bes- 
semer flame, it is indispensable that the spectrum should be 
actually compared with each separate spectrum of the elements 
sought. This was the plan actually pursued ; the spectroscope 
was so arranged that the spectrum of the Bessemer flame was 
seen in the upper half of the field of view, and the spectrum 
with which it was to be comjiared was seen immediately below. 
In no other way can any satisfactory conclusion be obtained as 
to the coincidence or non-coincidence of the lines with those of 
known spectra. 

The spectrum of the Bessemer flame was thus compared with 
the fol lowering spectra : — 

(1) S])ectrum of electric discharge in a carbonic oxide vacuum. 

(2) Spectrum of strong spark between silver poles in air. 

(•i) „ „ iron 

(4) ,, „ iron poles in hydrogen. 

(5) Solar spectnnii. 

(6) Carbon spectrum — oxyhydrogen blowpipe su[)plied with 
ulefiant gas and oxygen. 

Tlie coincidences observed were, however, but very few, and 
totally failed to explain the nature of the Bessemer spectrum. 
The lines of the woU-known carbon spectrum (given in No. 1) 
do not occur at all, either as bright lines or as absorption 
bands ; nor was any coincidence observed between the lines 
of the Bessemer siKJctruni and those of the carbonic oxide 
vacuum tube. 

The lines of lithium, sodium, and potassium are always seen, 
and are unmistakable. 

The three fine bright lines, 737, 768, and 82, are due to iron, 
Tlie red band of hydrogen (c) is seen as a black band, more 
prominent in wet weather. 

After the charge of iron has been blown, it is run into the 
LwUe, and a certain quantity of the highly carbonized »picijd- 
ciscn is run into it. The effect of the addition of the spiegeleisen 
is the production of a flame which is larger and stronger when 
the blow has been carried rather far. This flame occasionally 
^ives the same spectrum as the ordinary Bessemer flame; but 
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more commonly a qiiito different spectrum (No. 3) is seen, which 
reminds one at first of the ordinary carbon spectrum, but differs 
from it very remarkably. 

In the carbon spectrum, which is drawn in No. 1, each group 
of lines has its strongest member on the left (Le. less refrangible), 
and fades gradually away towards the right hand : in the spec- 
trum of the Spiegel flame the reverse is the case ; each group has 
its brightest line most refrangible, and fades away into darkness 
on the least refracted side. A comparison of the drawing of the 
spectrum of the spiegel flame (No. 3) with that of the Bessemer 
flame (No. 2) will show that they really contain the same lines ; 
but the general appearance of the spectrum is completely changed 
by alteration of the relative brightness of the lines. This was 
shown by direct comparison of the actual spectra. 

There can be no doubt that the principal lines of the Bes- 
semer spectrum are due to carbon in some form or other. My 
own belief is that they are due to incandescent carbon vapour. 
The experiments in which I am at present engaged have already 
shown the existence of two totally different spectra, each capable 
of considerable modification (consisting in the addition of new 
lines), corresponding to alterations in the temperature or mode 
of producing the spectrum, and each due to incandescent carbon. 
It is possible that the Bessemer spectrum may prove to be a 
third spectrum of carbon, produced under diffefent circumstances 
from those under which the ordinary carbon spectrum is ob- 
tained ; and the intensity of the dark bands is more probably 
due to contrast with the extreme brilliancy of the bright lines 
than to their actual formation by absorption. 

The most recent observations on the singular spectrum of the 
Bessemer flame, made by Dr. Marshall Watts, appear to throw 
entirely new light upon the cause of the lines therein seen. Tlie 
following contains the result of Dr. Watts's observations, and 
from them we can now no longer doubt that the peculiar lines 
are due to the presence of a manganese compound, and not, as 
was previously and on good ground supposed, to that of carbon. 
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FIRTH ER OIJSERVATIOXS ON THE SPECTRUM OF THE BESSEMER 

FLAME. 

These observations were matle by Dr. W. M. Watts, at the 
steel-works at Barrow. The " Barrow Hsematite Iron and Steel 
Oonipmy " assisted the investigation in the most liberal manner 
not only erecting an observatory on the works, but also contri- 
buting to the expense of the experiments. 

The instrument employed was Browning's Automatic Spectro- 
scojH?, of six prisms. The measurements were made by means 
of a micrometer tangent-sorew, giving 2*94? turns between the 
lithium orange lino and the least refrangible l)-line. In some of 
the later measurements a micrometer eyepiece was employed, fiir- 
nished with two pairs of cn>ss wires. To separate the wires by 
the same interval retjuiivs 1 2'41) turns of the screw. The method 
of ol>sorvation commonly employed was to throw an image of 
the Hame on the slit of the spectroscope by means of a large 
lens of alxmt 25 centimetres' focus; and just in front of the 
lens was placed a spurk-discliarger. The spectrum of the flame 
could thus be ubtainod simultaneously with that of any metal, 
or either s[K.'ctruni could be obtaineil in the field alone. The 
wavc-lrnixth of a line in the Bessemer s]>ectrum was obtained by 
graphical interpolation (occasionally by calculation) from the 
known wave-lengths of two metal lines, selected so that the 
Bessemer line fi-11 between them as clo.sely as possible. The 
metals employed in the comparison were aluminium, copper, 
cadmium, iron, lithium, lead, magnesium, manganese, platinum, 
sodium, thallium, tin, and zinc; besides which, some lines of the 
air-spectmm were made use of 

The results of the obscrvati<ms are embodied in Fig. 6G 
(page 204), which shows the spectrum on the scale of wave- 
lengths. With it are given, upon the same scale, the spectra of 
iron — of the flame obtained on abiding the spiegel — and of ati^c 
nj wnnrjawsr. A comparison of these drawings shows that the 
spiegel spectrum is essentially the snmo spectrum as the Bessemer 
sjx}ctrum — only further ilevelojx'd — and that the Bessemer 
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spectrum, while containing a few lines of iron, sodium and 
lithium, is essentially the spectrum of oxide of manp^anese. 

No lines certainly known to be profluced by carbon have been 
observed. 

It has been repeatedly aflBrmed that the Bessemer spectrum is 
produced by manganese— a conclusion which has been denied 
by many who have observed this spectrum (by Dr. Roscoe and 
myself, as well as by many others who have observed this spec- 
trum), and upon what appeared to be very satisfactory evidence. 
It was stated loosely, that the spectrum was that of manganese — 
which it certainly is not ; for if the spectrum of the electric 
spark between manganese poles be observed together with that 
of the Bessemer flame, it is seen that there is absolutely no 
single coincidence. Moreover, the spectrum is obtained just as 
brightly in working iron, which contains scarcely any manganese 
at all, as with highly manganiferous iron, and is obtained from 
coke-fires and other furnace-flames in which only traces of 
manganese can be supposed to be present ; and, most strange of 
all, repeated observation shows that in 99 blows out of 100 this 
spectrum disappears at the time when, as analysis shows, the 
carbon is completely removed from the iron, and the manganese 
is not. Nevertheless, simultaneous comparison of the Bessemer 
spectrum with the spectrum of manganese oxide shows the 
coincidence in a manner so entire as to completely convince 
any one who sees it, of the identity of the two spectra. This 
spectrum of manganese oxide is obtained faintly by bringing 
manganese chloride into a Bunsen flame; but best and very 
brilliantly by bringing manganese chloride, p^rolusite or any 
manganese compound, into the oxyhydrogen flame. Why this 
spectrum, which is not that of carbon, should disappear at the 
exact moment when all the carbon is burnt out, is very difficult 
to understand. Possibly, the point which it is necessary to hit is 
not that of the complete removal of carbon, but that at which 
the injurious oxidation of iron begins, viz. when the quantity 
of manganese becomes too small to combine with the excess of 
oxygen. 
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APPENDIX B. 
SPECTROSCOPIC measukp:ments and appliances. 

The measurements of position of the lines and bands in 
speetra are now nearly always expressed in wave-lengths. The 
methods emjiloyed for this reduction differ according to the 
dispersion which is employed an<l with the accuracy which is 
recjuired. The following remarks may serve to give an idea of 
tlic several metliods in use. 

The small one-prism si>ectn»scopes which are employed in 
chemical labomtories are usually fitted with an additional 
collimator containing in its focus a photographic scale which is 
thrown into the field of view (see Fig. 31), The tube con- 
taining the scale is adjustible, and is placed in such a position 
that the same number is always coincident with the sodium 
lines. Bunsen and Kirehliotf chose the number five for this 
])urpose, and their example is generally followed, but Lecoq de 
r>oisbaudran employs ten instead. When once the scale is ad- 
justed, the lines of the elements most frequently occurring in 
chemieal analysis, such as those of potassium, lithium, and 
ealcium, are measured and used as reference lines ; the bands of 
the carbon si>ectnim seen at the base of a Bunsen burner may 
also be employed with advantage. If the spectroscope be only 
employed for tlu' detection of the alkalis and alkaline earths, 
the mea.surements made with tin? arbitrary scale can always be 
referr(.*d to and need not be reduced any further ; but for the 
investigation of lines which occur less frequently and for all 
])nrposes of publication, the me,asurements must be reduced to 
wave-lengths. For this i)urpose some sharply-defined lines, such 
OS the lines of potassium, lithium, thallium, magnesium, and 
calcium are taken ; and their po.sitions according to the scale 
number are plactnl in their jjropor relative positions on a horizontal 



APPEND. B.] MAPPING SPECTRA, 223 

line of a paper ruled in squares. The wave-lengths of the lines 
are then plotted down on the vertical lines, passing through the 
different points, and the points thus obtained joined by a curve. 
By means of this curve we can then in the usual way find the 
wave-lengths of any line if its scale-number be given. Instead 
of marking down on the vertical lines the wave-lengths of 
different lines we may also, following a suggestion of Professor 
Stokes, mark down the inverse squares of these numbers. An 
advantage is in this way gained, as the curve then obtained will 
be nearly a straight line and the interpolation curve can there- 
fore be drawn with greater accuracy. The following is a list of 
some lines which can with advantage be used as reference lines 
to obtain the curve : 

f)614-6 Fe 5041-3 Ca («) 

.')527-4 Mg(*) 4923-9 Zn 

.5404 9 Fe 4911-3 Zn 

.')327-7\« 4809-8 Zn 

5827-1 J '® 4721-5 Zn 

6269-6 } p 4679-6 Zn 



6705-6 


LiO 


6492-4 


Ca C) 


6399-3 


Fe 


6245-6 


Fe 


6135-8 


Fe 


6028-2 


Fe 


5895-1 


Na(M 


58891 


Ka C) 


5781-4 


Cu 


5708-4 


Fe 



5268-6 (^'^ 4580-9 Ca O 

5183-1 ) 44541 Ca («) 

5172-5 ^MgO 4325-2 Fe 

5166-6) 4226-3 Ca (*) 

The lines marked (^) can be obtained in a Bunsen burner ; 
those marked (') are best seen in a spark taken from a 
solution ; for all other lines a strong induction spark is necessary. 
If more reference lines are needed, they will generally be found 
in the spectra of iron and manganese. 

If this method be employed to obtain wave-lengths distributed 
over a wide range of the spectrum, as, for instance, in the 
infra-red or ultra-violet, it becomes essential to use Professor 
Stokes's plan of plotting down inverse squares of the wave- 
lengths. 

In the ordinary chemical spectroscopes the curve can be drawn 
once for all, if care be taken always to bring the sodium line to 
its proper position. The measurements ought to be sufficiently 
accurate to give the wave-lengths to three figures; thus in 
tenth metres the sodium line may be taken as 5890 ; but the 
last figure in all such measurements will be unreliable. 
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Tliis nietliod is not applicable in the case of spectroscopes of 
higher dispersive powers, which, of course, are only employed 
when greater accuracy is required. The optical parts of the 
instninieiits are not sufficiently fixed and steady to ensure the 
same dispersive power in every series of measurements. Even 
if the reading of the sodium line is the same, the other lines 
rnay have slightly different positions. In this case a separate 
interpolation curve must be drawn each time the instrument is 
used ; and as greater accuracy is required, more reference lines 
are necessary. It becomes then most convenient to draw dif- 
ferent curves for diftercnt parts of the spectrum, or an inter* 
l)olation fonnula may be used. For very high dispersions the 
following w^ill be found the most convenient method : The line 
or set of lines to be measured are well brought into the field of 
view, and some reference lines of known wave-length are chosen 
as near as possible to them, and at any rate are situated in the 
same field of view. If five figures are required, that is the tenth 
part of a tenth metiT, it is necessary to employ as reference the 
most accurate standard which we possess, viz., the metal lines 
known to be present in the sun and found in Angstrom's Atlas. 
The most easily obtained are those of iron, cobalt, nickel, copper, 
zinc and manganese. If reference lines can be found sufficiently 
close on either side it will be most convenient to employ the 
following interpolation formula : 

Ao (x — a) '\ Aj (A — ./■) __ 

\b-,o - ■ =^ 

a and h are the readings of the two reference lines, and Aj, A, 
the inverse squares of the corresponding wave-lengths; x is 
the reading of the line to be measured ; and A, the inverse 
scjuare of the corresjM)nding wave-length, will be found from the 
etjuation. Tables are in preparation which will give directly 
tlie inverse squares of all luimbers between 1,000 and 10,000. 
The readincjs have to be taken either by means of a scale re- 
fleeted into the field of view, in the manner described above, or 
by means of angular measurements of the position of the axi.s 
of the telescope, when the lines to bo measured are maile to 
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coincide with the cross wires in the centre of the field of view. 
When a further degree of accuracy is required, a micrometer 
eyepiece, such as that used in astronomical measurements, 
becomes necessary, and working with such an eyepiece is in 
general less fatiguing than either of the other methods of 
reading. 

For the greatest attainable accuracy and with large dispersion 
or when no reference line can be found near enough, the inter- 
polation formula given above is not sufficient. But such cases 
are rare, and will only occur to skilled spectroscopists, who will 
have no difficulty in each particular case in choosing a suitable 
method. 

When gratings are used instead of prisms, the interpolation 
becomes much simpler; as the curve connecting the angular 
reading with the wave-length is very nearly a straight line. 
This advantage is so great, that it will very often counterbalance 
the disadvantage of loss of light when measurements are to be 
taken. 

The bisulphide of carbon prisms which are much used now 
for high dispersion are very convenient, and may be constructed 
so as to have a very high resolving power ; but their refractive 
index varies so rapidly with the temperature, that they are very 
treacherous when measurements are to be taken, the lines 
shifting through a space equal to the distance between the two 
sodium lines by an alteration of only one-tenth of a degree 
centigrade. In order to ensure definition in these prisms 
differences of temperature in different parts of the prism have 
to be carefully avoided. 

Lord Rayleigh has suggested the use of a stirrer for this 
purpose which, kept in constant motion, causes the different parts 
of the liquid to mix, and to equalise their temperature. The 
late Dr. Henry Draper also independently tried this method, 
and secured excellent definition. Other highly dispersive 
liquids have been suggested to replace the bisulphide, but each 
possesses certain disadvantages, and they have not come into 
general use. 

When reference lines of different metals are to be used, it 

Q 
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becomes a matter of importance to bring them into the field of 

view in rapid succession, as each series of measurements ought 

to occupy as little time as possible. The spark-holder, figured 

on page 133, has been found very convenient for this purpose. It 

may be constructed with an ordinary retort-stand. A tube 

carrying a pulley at its lower end is put over the upright bar of the 

retort-stand, and can revolve round it. It carries two wooden 

circular discs with a number of holes in each. The tube may 

be partly made of metal, but the two discs ought to be insulated 

from each other. The electrodes to be used are fitted into the 

holes by means of corks. One pole of the induction coil is 

permanently connected with the retort-stand, which is in metallic 

communication through connecting wires, shown in the figure, 

to all the upper electrodes. Flexible wires are attached to the 

lower electrodes, which are just sufiiciently long to dip into a 

mercury cup, which is also permanently connected with the 

other pole of the coil. The spark will always pass through that 

set of electrodes which has a wire dipping into the mercury cup. 

The observer stationed at the eye-end of the spectroscope can 

by pulling at the string which is wound round the pulley, bring 

any required set of electrodes into such a position that the 

lens will throw an image of the spark on the slit of the 

collimator. The mercury contact may with advantage be 

replaced by a sliding contact. 

It often becomes necessary in spectroscopic researches to take 
a spark from liquid solutions, and those who have no powerful 
coil at their disposal are almost exclusively driven to that 
expedient whenever the substance to be investigated does not 
volatilize in the Bunsen burner, Lecoq de fioisbaudran, to 
whom this method is principally due, used a glass tube with a 
platinum wire sealed in at the lower end. 

The spark is simply taken from the upper surface of the 
liquid, but this is inconvenient as the sides of the tube easily 
become wetted, and the spark passes towards the sides instead 
of directly to the liquid. Under the most favourable circum- 
stances the spark is found to move about the liquid surface 
whenever the spark-distance is not very carefully adjusted to 
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the spark-intensity. The liquid wetting the tube and rising up 
the sides by capillary attraction is also a source of annoyance, 
as the most luminous parts of the spark, namely, those close 
to the liquid surface, cannot be examined. Some of these 
inconveniences have been avoided by Delachanel and Mermet, 
who have placed a capillary tube over the lower electrode, but 
they still viewed the spectrum through the glass walls of the 
tube containing the liquid, and therefore only avoided part of 
the disadvantages of Lecoq's arrangement. It is much more 
convenient to fill the tube very nearly with the liquid to be 
examined and to cover the electrode with a capillary of thick 
glass, sufficiently fine to make the liquid rise above the glass 
walls of the tube. There is then nothing interposed between 
the spark and the collimator, and the spark can be examined 
as conveniently as if taken from a metal pole. It is hardly 
necessary to remark that a few lines are introduced by the 
volatilization of the glass capillary, but these are easily 
recognized, and will only in exceptional cases interfere with 
the spectrum under examination. One of these tubes is shown 
in the figure, fitted into the spark-holder. 



APPENDIX C. 

ON THE SPECTRA OF ERBIUM AND DIDYMIUM AND THEIR 

COMPOUNDS. 

BuNSEN ^ has shown that the rare earth erbia is distinguished 
from all other known substances by a peculiar optical reaction 
of the greatest interest. This solid substance when strongly 
heated in the non-luminous gas -flame gives a spectrum contain- 
ing bright lines, which are so intense as to serve for detecting 
this substance. This singular phenomenon does not, however, 
constitute any exception to the law of exchanges ; for Bunsen 
has shown that the bands of maximum intensity in the emission 

^ Ann. Ch. Phann. cxxxvii. p. 1. 
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spectrum of erbia coincide exactly in position with the bands of 
greatest darknei'S in the absorption spectrum. A similar inver- 
sion of the didymium absorption bands has also been observed 
by Bunsen.^ 

Some very interesting observations have also been made by 
Bunsen upon the absorption spectrum of didymium,* from which 
we learn that the didymium s^^ectrum, and also that of erbium, 
undergo changes if examined by polarized light according as the 
ordinary or extraordinary ray be allowed to pass through the 
crystal. These changes only become visible, however, when a 
ix)werful battery of prisms and a telescope of high magnifying 
I)ower are employed. According to the direction in which the 
ray of polarized light is allowed to traverse the crystal of didy- 
iriium sulphate is the position of the dark absorption bands 
found to vary ; whilst the bands prtxluced by the solution of the 
s.dt in water are again different. Very remarkable are the small 
altemtions in the position of the dark bands of the didymium 
salts, dependent upon the nature of the compound in which the 
metal occurs. These changes are too minute to be seen with a 
small spectroscoi)e, but are distinctly visible in the larger in- 
strument. " The differences thus observed in the absorption 
s >ectra of different didymium compounds cannot, in our com- 
I)lete ignorance of any general theory for the absorption of light 
in media, be connected with other phenomena. They remind 
one of the slight giadual alteration in pitch which the notes 
from a vibi*ating elastic rod undergo when the rod is weighted, 
or of the change of tone which an organ-pipe exhibits when the 
tube is lengthened." 

From experiments made with erbia and other earths Dr. 
Huggins and Professor Emerson Reynolds^ conclude that the 
bright lines seen in the spectra obtained by heating these 
earths in the oxyhydrogen flame are due to the partial vaporisa- 
tion of the heated substance. If this is really the case, the 
only exception to the law of solid bodies giving continuous 
spectra will disappear. 

* Aim. C'h. Pharra. cxxxi. p. 255 ; Phil. Mag. vol. xxviii. p. 246. 
- Phil. Mag. vol. xxxii. 12rt, p. 177. 

* Proo. Uoy. Soc. xviii. 546. 



LECTURE V. 

Ftjinulation of Solar and Stellar Chemistrv. — Examination of the Solar 
Spectrum.— Fraunliofer, 1814. — Kirchhoff, 1861. — Coincidence of Dark 
Solar Lines with Bright Metallic Lines. — Reversion of the Bright 
Sodium Liues. — Kirchlioff's Explanation. — Constituents of the Solar 
Atmosphere. — Lockyer and Junssen^s Researches. — Phenomena observed 
durinj^' Total Eclipses. — Constituticm of the Red Solar Prominences ; 
their gaseous Nature. — Tlie Chromosphere. — Physical Constitution of 
the Sun. — The Conma. — Sun-spot^ and Facula?. 

Appendix A.— Professor Balfour Stewart on the E<|uality of Radiation 

and Absorption. 
Appendix B.— On Maps of the Solar Spectnim. 
Appendix C. — On Lockver and Janssen's Disc<iverv. 
Appendix D. — Results of Recent S<ilar Eclipse Observations. 
Appendix E. — Professor C. A. Young's Investigations on Chromospheric 

Lines. 
Appendix F.— Professor S. P. Langley on Sunlight and the Earth's 

Atmosphere. 

We have in this lecture the somewhat formidable task set 
before us of endeavouring to explain the grounds upon which 
Professor KirchhoflF ccmcluded with certainty, that in the solar 
atmosphere, at a distance of about 93 millions of miles, substances 
such as iron, sodium, magnesium, and hydrogen, whicli we know 
well on this earth, are present in a state of luminous gas. 

In beginning to consider tliis matter, we shall, however, do 
well to remember that the subject is still in its youth ; that it is 
only within the last twenty years that we have been at all 
acquainted with the chemistry of these distant bodies. We must 
not be surprised to find that some of our questions cannot be 
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satisfactorily answered, and we may expect in several instances 
to meet with facts to which an explanation is still wanting. 
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In the first lecture I pointed out to you that sunlight diflfers 
from the light given off by solid and liquid substances, as well 
as from the light given oflF by gaseous bodies. If we were 
experimenting with sunlight now, and if I could throw the 
solar spectrum on to the screen, instead of this continuous 
spectrum of the incandescent carbon poles, we should find 
that this bright band was cut up by a series of daik lines or 
shadows. 

These lines I mentioned to you were discovered in 1814 by 
Fraunhofer — at least they were first carefully observed by him 
— and have since gone by the name of Fraunhofer*s lines. 

Fraunhofer measured the distances (see Fig. 74) between these 
fixed lines, and he found that the distance from D to E, and 
from E to F, remained perfectly constant in the sunlight, that 
these are fixed lines which always appear in sunlight ; and, more- 
over, as I think I mentioned to you on a previous occasion, he 
examined the light from the moon and from the planet Venus, 
and observed that the same lines occur in moonlight and in 
planet-light, which is simply reflected sunlight, and he found 
that the relative distances between these lines were the same in 
light from these three sources. He then examined the light 
from some fixed stars, from Sirius and others, and he noticed 
that, although in some of these fixed stars certain lines exist 
which occur in sunlight, yet that other lines, always present 
in sunlight, are absent from the light of the stars: thus in 
Procyon and Capella he saw the double solar line D, but other 
well-knowTi solar lines were wanting. Hence so long ago as 
1814, Fraunhofer concluded that these dark lines were caused 
by some absorptive power exerted in the star or in the sun. 

The exact mapping of these lines becomes a matter of very 
great importance, and during the last few years much attention 
has been paid to this subject. I shall shortly have to draw your 
attention to some of the results of these investigations. 

1 will now content myself with projecting, by means of the 
oxyhydrogen light, a photograph of one of Professor KirchhoflTs 
maps upon the screen, in order to give you an idea of the great 
number of lines existing in the solar spectrum. Here is the 
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line 1) in the yullow, whicli was noticed by Fraanhofer, 
(iltserveil by Iiini to be double. We see lu fuiditioti a, j 
miDiber of lines varying in intensity, in depth of shade, as * 
as iu breadth. Here we come to E in the blue. I might in t 
same way show you that tlirougLout the whole len^jtli of 1 
spectrum similar groups of dark lines occur. From these dingra 
you will, however, form an estimate of the enormnns number | 
these lines which exist in the solar spectrum. 

I hope you will nnderstand that tliese dark linos, betokeni 
the absence of certain kinds of rays in the suolight, not ( 
exist in the visible portions of the spectriim, but also occur I 
the portions which, as I have already mentioned, do not affl 




the rcliiia, hniiig either leas ivlmngible than the red < 
refrangible than the violet. Thanks, In the fir.st instance, to 
the beautiful researches of Profeaaoc Stokes ou fluorescence, auil 
more recently to the labours of other observers, these Uues hare_ 
become perfectly well known (see Fig. 75), The diagram sbom 
the effect produced on a film nl sensitized collodion which ^ 
etiiosed to the attiou of these ultra-violet rays passing throitj 
i]iiai'tz prisms. The shaded sjiaces indicate the positions 1 
which tlie intensity of the rays is small ; tliey i 
Fraunhofer lines in the ultra-violet sunlight. You see t 
the lines stretch Oiit a luntr way beyond the visible portlOQ J 
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tlio spectrum, tlmt to which the eye is ordiQarily sensitive, 
euding somewhere near the line H. 

Having mfistered the facts concerning the composition of 
sunlight, I must now ask you to pass on to the examination 
of the first of Kirchhoffs discoveries by which the cause of 
these singular dark solar lines is explained. So long ago as 
1814 Fraunhofer discovered that the dark lines D in the sunlight 
were coincident with the bright sodium lines. The fact of the 
coincidence of these lines is easily rendered visible if the solar 
spectrum is allowed to fall into the upper half of the field of 
our telescope, while the sodium spectrum occupies the lower 
half The bright lines produced by the metal, as fine as the 
finest spiders web, are then seen to be exact prolongations, as it 
were, of the corresponding solar lines. 

These facts, however, remained altogether barren of con- 
sequences, so far as regards the explanation of the phenomena, 
except to the bold minds of Angstrom, Stokes, and William 
Thomson ; the last two of whom, combining the facts with an 
ill-understood experiment of Foucault's made in 1849, foresaw 
the conclusion to which they must lead, and expressed an 
opinion which subsequent investigations have fully borne out. 
Clear light was, however, thrown upon the subject by Kirchhoff 
in the autumn of 1859.^ Wishing to test the accuracy of this 
asserted coincidence of the bright sodium lines and the dark 
sohir lines with his very delicate instrument. Professor Kirchhoff 
made the following very remarkable experiment, which is 
memorable as giving the key to the solution of the problem 
concerning the presence of sodium and other metiils in the sun. 
** In order," says KirchliofF, for I will now give his own words, 
" to test in the most direct manner possible the frequently 
asserted fact of the coincidence of the sodium lines with the 
lines D, I obtained a tolerably bright solar spectrum, and brought 
a flame coloured by sodium vapour in front of the slit. I then 
saw the dark lines D change into bright ones. The flame of a 
Bunsen's lamp threw the bright sodium lines upon the solar 
spectrum with unexpected biilliancy. In order to find out the 

^ Uerlin. Akatl. Bcricht. 1859, 662 ; Phil. Mag. Fourth Scries, xix. 193, xx. 1. 
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extent to which the intensity of the solar spectrum could be 
increased without impairing the distinctness of the sodium lines^ 
I allowed the full sunlight to shine through the sodium flame, 
and to my astonishment I saw that the dark lines D appeared 
with an extraordinary degree of clearness. 

'' I then exchanged the sunlight for the Drummond's or 
oxyhydrogen lime-light, which, like that of all incandescent 
solid or liquid bodies, gives a spectrum containing no dark lines. 

" When this light was allowed to fall through a suitable flame 
coloured by common salt, dark lines were seen in the spectrum 
in the position of the sodium lines. 

'•'The same phenomenon was observed if, instead of the 
incandescent lime, a platinum wire was used, which being 
heated in a flame was brought to a temperature near its 
melting-point by passing an electric current through it. The 
phenomenon in question is easily explained upon the supposition 
that the sodium flame absorbs rays of the same degree of 
refrangibility as those it emits, whilst it is perfectly transparent 
for all other rays." 

Kirchhoff had in fact, as far as he had gone, produced 
artificial sunlight, because he had obtained the two double 
dark lines in his continuous spectnim. I will try to show the 
formation of the dark lines of the sodium : for this purpose we 
will again employ our electric lamp, and I will throw the 
continuous spectrum of the carbon points on to the screen, and 
then I will bring into the lower carbon, which is shaped like a cup, 
a small (][uantity of metallic sodium : and we shall thus see that 
the vapour of the sodium has the power of absorbing the 
particular kind of light which it emits, and that in place of the 
bright sodium line we shall have a dark line. There you 
observe the dark sodium line. As a further illustration I have 
here a diagram (Fig. 76) representing what is seen when we 
look at the spectrum of burning sodium with an instrument 
such as that which Kirchhoff" used. Below (No. 2) we have 
a drawing of the ordinary sodium spectrum, giving us these 
bright yellow double lines on a dark background, and above 
(No. 1) we see a drawing of the spectrum of burning sodium. 
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Instead of two bright yellow linflB, we here ^ find we have 
two inteDsely Mark lines upon a bright continuous spectrum, 
the "d" light having been absorbed by the sodium vapour. 
The difference between the intensities of the lights on each 
side of these lines and in that particular part where the lines 
fall is 80 great as to give an actual shadow, which we see 
as a black line. There is a well-known experiment by which 
we cast a shadow with a luminous object, such as a candle 
Same : so here, although these black lines are not wholly devoid 
of light, yet the light is so much leas intense than in the sur- 
rounding parts, tliat they appear dark to our eyes. 




I can illustrate thia to you in another way. Here (Fig. 77) 

ve have a large sheet of non-luminous gas flame (b h) burning 

nnder a tall chimney (c), and the fiame I can colour by sodium. 

In front of this I am going to ignite a flame of hydrogen (a), 

and I will also place in the hydrogen tlame some sodium 

, compound ; so that we shall have two sodium flames burning, 

one in front of the other. I want you to notice that tlie yellow 

' rays passing from this large flame at the back through the 

Jiydrogen flame tinged with soda will be absorbed, and that the 

outer rim of this hydrogen flame, where the temperature is 

decidedly low, wCl appear dark ; in fact, it will look just as if 

' the hydrogen flame was smoky, as thcrngh we liad a smoky 

' candle bmuing in front of the large flame. There is no carbon 

I in this flame to produce a smoky appearance, as there is 

f nothing but pure hydrogen burning. We will now light 
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our hyilrogen. liut before yow can st-e tlie pheDomcnon of 
iibsorptiun 1 must make a liirge suila flame. This I do b; 
bumitig a Utile Sfvlium. tlie fHuies of which I waft into \\w 
llame. Now you see the larg-e Haioe lias turned yellow, 8d<1 you 
will notice thai in front we get a Binnky Same. It is now vvrt 
distinct. If, instead of a aoilium compound, I next place suiim- 
lithinm sfilt in tlie flame, no black rim will appear. We & 
get the TfJ cotmir of ihv litliiuni flnm.'. but it will not give | 
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any black sh:idow, bL^f/auac it lias no power of absorbing I 
yellow light. Hence we conclude that the smoky appean 
was really caused by the absorption of the yellow " D " light '] 
the sodium vapour in a state of incandescence. 

Here is another most ingenious api>anitus, devised by niy 
friend Professor Bunsen, for exliibiting a constant black sodium 
ll'ime caused by its absorption of the rays of the same degree of 
refrangibility as it emits. The little cap of j-ivUow Hamc (il) 
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wliiih fluats from tlie first buroer in front of tlie larger yellow 
soda flame C^) absorbs the " D " rays, and in consequence whon 
the small flauie is seen in front of the larger one we have the 
peculiar phenomenon of a constantly burning black sodium 
tianie (Fig. 78). 




*an also show yon m :\ uiii-u wiiv lui.' i.'ict that sodium 
r vapour is opnijue to the light which it gives oft' I have 
\ prepared a tube containing some sodium which I can convert 
I into vapour. By beating tlie tube as I am doing, it wilt become 
1 6lled with sodium vapour, and you will see that the tube is 
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transparent ^hen we look at it by white sunlight ; but when we 
look at it by means of the yellow sodium light it will appear to 
be opaque. We shall then see that the tube containing the 
sodium vapour throws a dark shadow on the screen. [The 
lights were turned down, and the screen was illuminated with a 
yellow sodium flame.] Now the tube looks black; we cannot 
sec through it ; it throws a dark shadow. [Light was again 
admitted.] Now, by the daylight, it is again colourless. This 
sliows us, then, very distinctly, that the sodium vapour is 
opa([ue for the rays which itself can emit. 

Thoroughly understanding, then, the nature of the phenomena 
with which we have to deal, let us follow Kircbhoff to the inter- 
esting conclusions which he draws from this experiment. He 
states that from this fact it appears likely that glowing gases 
have the power of especially absorbing rays of the same degree of 
refrangibility as those they emit; and that, therefore, the spectrum 
of such a glowing gas can be reversed, or the bright lines turned 
into dark ones, when light of sufiicient degree of intensity, giv- 
ing a continuous spectrum, is passed through it. This idea was 
further confirmed by substituting for the sodium flame the flame 
coloured by jx)tassium, when dark lines appeared in the exact 
position of the characteristic bright lines of this metal. Bunsen 
and Kirchhofl: have likewise succeeded in reversing the flames 
of lithium, calcium, strontium, and barium; whilst Dr. Miller, 
M. Cornu, Mr. Lockyer, and Professors Liveing and Dewar, 
have also reversed lines in the spectra of many metals. 
I can hero show you the reversal of the red lithium line on 
the screen. For this purpose I bring on to the carbon pole 
of the lamp some salt of lithium, together with a piece of 
metallic sodium. The sodium will reduce the lithium salt to 
the metallic state, and I can then show you that we have got not 
only a dark sodium band, but a dark lithium band in the red 
part of the sj^ectrum. Now the reversed lines of both these 
metals are clearly seen. 

Generalizing from these facts, KirchhoflF has arrived, by the 
help of theoretical considerations which I am unable now to lay 
before you, at a law, previously partially enunciated by Prevost 
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of Geaeva and by Prevostaye and Dessains in France, and ex- 
tended by Dr. Balfour Stewart in this country, which expresses 
the relation between the amount of heat of any wave-length 
which a body receives and that which it emits. This law has 
been called t/ie law of exchanges. It asserts that the relation 
between the amount of heat emitted and that which is absorbed 
at any given temperature is constant for all bodies ; and that the 
greater the amount of heat emitted, the greater must be the 
amount of heat absorbed. Kirchhofif has proved that the same 
law holds good for light as well as for heat ; that it is as true of 
all rays and of each kind of rays : for instance, if we compare red 
rays emitted with red rays absorbed, or yellow rays emitted 
with yellow rays absorbed. From this we see that an incan- 
descent gas which is giving ofif only certain kinds of light 
— that is, whose power of emission is limited to light of certain 
definite degrees of refrangibility — must have the power of ab- 
sorbing those kinds of light, and those kinds only. This is what 
we find to be the case with the luminous sodium vapour : it has 
a very high power of emission for the ** D " rays, and it has a pro- 
portionately high power of absorption for that kind of light ; but 
for it alone. And we see that every substance which emits at a 
given temperature certain kinds of light must possess the power, 
at that same temperature, of absorbing the same kinds of light.^ 

We must remember, however, that the emissive and absorptive 
powers of substances can only be compared at the same or nearly 
the same temperature. This is of very great importance, for it 
has been supposed that in some cases the law of exchanges does 
not hold good, the comparison between absorption and radiation 
not having been made at the same temperature. It must not be 
assumed that because the bright lines of the incandescent iodine 
spectrum, for instance, do not correspond to the dark absorption 
bands of the gas at a much lower temperature, therefore the law 
is faulty or incorrect. We must compare the lines at the same 
temperature. 

^ Report on the Theory of Exchanges, by B. Stewart (Brit. Assoc. 1861) ; 
Kirchho}f on the History of the Analysis of the Solar Atmosphere (Phil, Mag., 
Fourth Scries, vol. xxv. p. 256). 
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Now we know that the same kind of law holds good with the 
otlier vibrations known to us — the vibrations of the air which we 
call scuiul. We are all acquainted with what is called resonance, 
Wlien we sing a particular note in the neighbourhood of a piano, 
that same note is returned to us. The particular vibrating 
sti-in;j( which can emit that note has the power also of absorbing 
vibrdtions of that particular kind, when proceeding in a straight 
line, and emitting them again in all directions. We are not 
liierefore, without analogy, in tlie case of sound, for the absorp- 
tion and emission of the same kind of undulation by the same 
substance. It was this analogy that first suggested to Professor 
Stokes the existence of a real connection between the dark lines 
D iu the solar spectrum and the bright yellow sodium lines 
coincident with these dark lines. 

We will now pass to the application of this principle of the 
reversibility of the spectm of luminous gases to the founda- 
tion of a solar and stellar chemistry. How does this prin- 
ciple assist us in our knowledge of the constitution of the solar 
atmosphere ? 

In order to map and determine tlie i)ositions of the bright 
linos found in the electric spoctni of the various metals, 
Kirchlioff, as I have already st4it<?d, employed the dark lines in 
the solar spcctiiim as his guides. Judge of his astonishment 
when ho observed that dark solar lines occur in positions coin- 
cident with those of the bright iron lines which he saw in the 
si)ark. Exactly as the sodium lines were identical with 
Fraunliofor s lines D, so for each of the iron lines, of which 
Kirchhoft' and Angstrom liave mapped no less than 460, a dark 
solar line was seen to correspond. Not only had each iron line 
its <lark representative in the solar si)ectrum, but the breadth 
and degree of shade of the two sets of lines were seen to agree 
in the most perfect manner, the brightest iron lines corresponding 
to the darkest solar lines. 

To those who have not themselves witnessed this coincidence 
it is im]30ssible to give an adequate idea, by wonls, of the effect 
produced on the beholder, when looking into the spectroscope he 
SfM^s the coincidence of every one of perhaps a hundred of the 
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iroD lines with a diirk repre- 
seotative iu the sunlight, and 
the idea that iron is contaioed 
ill the solar atmosphere flashes 
at once on his mind (see 
Fig. 79). 

Thcae hundreds of coiuci- 
dences cannot be the mere 
effect of chance; in other 
words, there must be some 
CAUsal connection between 
these dark solar lines and the 
bright iron lines. That this 
^reement between them can- 
not be simply fortuitous is 
pi^ved by Kirchhoff, who cal- 
culates — from the number of 
observed coincidences, the dis- 
tance between the several 
lines, and the degree of ox- 
Actitude with which each co- 
incidence can be determined 
— the fraction representing the 
chance or probability that such 
1% series of coincidences should 
ir without the two sets of 
les having any common cause : 
[tiiis fraction he finds to be less 
n looDoooaoDDDOQOTiima • ^'^• 
other words, it is practi- 
cally certain that those lines 
have a comraon cause. " Hence 
^tliis coincidence," says Kirch- 
[hoff, "roust be produced by 
lome cause ; and a cause can 
assigned which affords a 
wrfect explanation of the 
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pheiioinenon. The observed phenomenon may be explained 
by the supposition that the rays of light which form the solar 
spectrum have ])assed through the vapour of iron, and have thus 
suft'ered absorj>tion which tlie vapour of iron must exert." 

" As this is the only assignable cause of this coincidence^ the 
supposition a])pears to be a necessary one. These iron vapours 
might be contained either in the atmosphere of the sun or in 
that of the earth. But it is not easy to understand how our 
atmosphere can contain such a quantity of iron vai)our as would 
produce the very distinct absorption lines which we see in the 
solar spectrum ; and this supposition is rendered still less pro- 
bable by the fact that these lines do not appreciably alter when 
the sun approaches the horizon. It does not, on the other hand, 
seem at all unlikely, owing to the high temperature which we 
must su])ix)se the sun's atmos])here to possess, that such vapours 
should be present in it. Hence the observations of the solar 
spectmm apjxjar to me to prove the presence of iron vapour in 
the solar atmosphei-e with as great a degree of certainty as we 
can attain in any (question of natural science." This statement 
is, I believe, not one jot more positive than the facts warrant. 
For wliat does any evidence in natural science amount to, beyond 
the e.Ki)ression of a probability? A mineral sent to me from 
New Zealand is examined by our chemical tests, of which I 
apply a certain number ; and these show me that the mineral 
contains iron : and no one doubts that my conclusion is correct. 
Have we, liowever, in tliis case, proof positive that the body really 
is iron ? May it not turn out t«) be a substance which in these 
rosi>ects resembles, but in other respects differs from, the body 
which we designate as iron ? Surely. All we can say is, that 
in each of the many comparisons which we have made, the pro- 
l)erties of the two bodies prove identical, and it is solely this 
identity of the properties which we express when we call both 
of them iron. 

Exactly the same reasoning applies to the case of the existence 
of these metals in the sun. Of course the metals present there, 
ciiusing these dark lines, viat/ not be identical with those we 
have on earth ; but the evidence of their being the same is as 
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strong and cogent as that which is brought to bear upon any 
other question of natural science the truth of which is generally 
admitted. 

I do not think I can give you a more clear or succinct account 
of the development of this great discovery than by quoting from 
Kirchhofi^s admirable memoir the following passage : *' As soon 
as the presence of one terrestrial element in tlie solar atmosphere 
was thus determined, and thereby the existence of a large 
number of Fraunhofer's lines explaineil, it seemed reasonable 
to suppose that other terrestrial bodies occur there, and that, by 
exerting their absorptive power, they may cause the production 
of other Fraunhofer* s lines. For it is very probable that ele- 
mentary bodies which occur in large quantities on the earth, and 
are likewise distinguished by special bright lines in their spectra 
will, like iron, be visible in the solar atmosphere. This is found 
to be the case with calcium, magnesium, and sodium. The 
number of bright lines in the spectrum of each of these metals 
is indeed small, but those lines, as well as the dark lines in the 
solar spectrum with which they coincide, are so uncommonly 
distinct that the coincidence can be observed with great accuracy. 
In addition to this, the circumstance that these lines occur in 
groups renders the observation of the coincidence of these 
spectra more exact than is the case with those composed of 
single lines. The lines produced by chromium, also, form a very 
characteristic group which likewise coincides with a remark- 
able group of Fraunhofer's lines : hence I believe that I am 
justified in afHrming the presence of chromium in the solar 
atmosphere. It appeared of great interest to determine whether 
the solar atmosphere contains nickel and cobalt, elements which 
invariably accompany iron in meteoric masses. The spectra of 
these metals, like that of iron, are distinguished by the large 
number of their Unes. But the lines of nickel, and stil more 
those of cobalt, are much less bright than the iron lines ; and I 
was, therefore, unable to observe their position with the same 
degree of accuracy with which I determined the position of the 
iron lines. All the brighter lines of nickel appear to coincide 
with dark solar lines ; the same was observed with respect to 
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some of the cobalt Hues, but was not seen to be the case with 
other ecjually bright lines of this metal. From my own observa- 
tions I consider that I am entitled to conclude that nickel is 
visible in the solar atmosphere. I do not, liowever, yet express 
an opinion as to the presence of cobalt. Barium, copper, and 
zinc appear to be present in the solar atmosphere, but only in 
small quantities; the brightest of the lines of these metals 
con-espond to distinct Hnes in the solar spectrum, but the 
weaker lines are not noticeable. The remaining raetala which 
I have examined — viz., gold, silver, mercury, aluminium, cad- 
mium, tin, lead, antimony, ai^enic, strontium, and lithium 
— are, acconling to my observation, not visible in the solar 
atmosphere." 

Angstrom and Thalen soon added hydrogen, manganese, 
aluminium, and titanium to the list of elements found by 
Kirchhoft". A considerable difficulty remained, however. It 
was found that some of the lines of an element were reversed in 
the sun, while others equally bright or even brighter did not 
appear as dark lines. In the passage quoted, KirchhofT mentions 
that this is the case with the cobalt lines, and he thereby was led 
to consider the presence of cobalt in the sun as doubtful. The 
difficulty was overcome in great part by the series of experiments 
made by Mr. Lockyer, which we have already discussed in the 
third lecture. It had already been observed by several 
experimenters, and by M. Cornu amongst others, that if a 
metal is volatilized in the voltaic arc in sufficient quantity, 
the cooler vapour in front of the hotter often produced a 
reversed of the lines, and it was noticed that it was not always the 
brightest lines which were reversed in this manner, but these 
which seem longest when an image of the spark or arc is formed 
on the slit. Mr. Lockyer reasoned from this, that if an element is 
not present in the sun in sufficient quantity to have all its lines 
reversed, we must look for the longest lines and take them as an 
indication of the presence of the element rather than the 
strongest lines. In this way Mr. Lockyer could show that, for 
instance, in the case of cobalt the longest lines are reversed and 
the missing lines are short, so that we have very strong evidence 
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of the presence of cobalt in the sun. Mr. Lockyer thus added 
a number more elements to the list of those already found 
present in the sun. Among them are : lead, cadmium, {)otassium, 
cerium, strontium, uranium and vanadium, probably also lithium, 
rubidium, caesium, tin, bismutli and silver. The numerous ex- 
periments of Messrs. Liveing and Dewar enable us to ascertain 
whether Mr. Lockyer's statement as to the easier reversibility 
of the longest lines is a general one, and the law may be said 
to have stood the test very well. There are, no doubt, some 
exceptions requiring further investigation, but in the great 
majority of cases the law holds good. 

According to Mr. Lockyer the relative intensity of the dark 
lines in the solar spectrum is in some instances so different 
from any distribution of relative intensity which we can obtain 
in our laboratories, that he assumes an actual decomposition of 
the element in order to explain the facts. Whether his numerous 
experiments and observations admit of a less revolutionary 
interpretation is a question which is still much discussed by 
Chemists and Spectroscopists, but the majority of scientiiic 
men have not hitherto felt inclined to accept Mr. Lockyer s 
views without obtaining more convincing evidence than he has 
yet adduced. 

Another subject which has received much attention, and 
which is closely connected with the preceding, is the apparent 
coincidence of certain dark lines in the sun with lines of two or 
sometimes even of three terrestrial elements. The fact of the 
apparent coincidences of lines of different elements has already 
been mentioned in a previous lecture, and it was there pointed out 
that the coincidences were in all probability ap])arent only, and 
that higher dispersion would probably always be able to show 
slight differences of position. This view is strengthened by the 
fact that in nearly every case where a dark solar line was found 
coincident with a line of more than one terrestrial element, that 
solar line has on closer examination been found to be really a 
double or even a triple line. It does not necessarily follow from 
this, but still it is probable, that one of the components belongs 
to one clement, while the other element has its representative 
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in the other component. This view has in some instances been 
confirmed by the experiments of Professors Liveing and Dewar, 
who have actually shown which of the two components is due to 
the one and which to the other metal. 

What may be called the average chemical composition of the 
sun is, however, by no means the only result of the application 
of the spectroscope. To obtain the solar spectrum Rirchhoff 
had only to allow the light of the sun to fall on his spectroscope, 
and nothing but a mirror, used to reflect the sunlight^ was 
placed in front of his instrument ; but if we add a lens to the 
mirror, and if we place the lens at such a distance from the 
slit that an accurate solar image is focussed on it, we may study, 
according to Lockyer s method already described, not the average 
liglit of the solar surface but the light sent out by any part of 
it ; we may for instance compare the light of the central por- 
tions of the sun's disc with that sent out by the limb^ and this 
observation has shown that no appreciable difference can thus 
be detected. But important differences have been discovered 
when, on the other hand, the image of a sun-spot is thrown 
on the slit. 

Sun-spots, a5 you are well aware, have long ago attracted the 
attention of astronomers, and various theories have been given 
to account for them. Kirchhoff showed from general considera- 
tions that the temperature of a sun-spot must be lower than 
that of the remainder of the solar surface, and this has since 
been confirmed by spectroscopic evidence. On throwing the 
image of a sun-spot on the slit of a spectroscope and investigating 
the light after its prismatic decomposition, we find, in the first 
place, dark bands crossing the spectrum (Fig. 80). These bands 
tell us that there is within the sun-spot a region of general 
absorption affecting all the rays. This proves without a doubt, 
and in spite of recent assertions to the contrary, that the 
temperature of a sun-spot is lower than that of the surrounding 
regions of the solar surfsice. We also find that some of the 
dark lines ai-e widened in the sjwt. Such a widening we know 
to be due to an increase of pressure, and hence the s])ectroscope 
tells us that the pressure in the nucleus of a sun-spot is higher 
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than that on Uie surface pf the sun. Fig. 80 repi-esenta the 
wiJeniog of the two jellow sodium lines, and some of the lines 
near it, as observed by Young. It is curious to note that the 
line which lies between the two sodium lines and wliich is due 
to nickel is not widened, but remains as thin inside the spots 
as on the bright parts of the sun. The question as to which 
lines are, and which are not widened in the sun-spots has lately 
received much attention. Mr. Lockyer especially has made 
a very careful and detailed series of observations on the lines 
which are most widened in spots at different times. Valuable 
and important results have already been obtained by him, as, for 
instance, that the lines of one and the same element which are 
most widened in a sun-spot may be different at different times. 
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and it seems likely that some connection between these 
phenomena and the general changing state of solar surface 
activity, as shown by the number of the sun-spots present, will 
ultimately be discovered. But it is only by a long series of re- 
searches that we shall gain a clear insight into these compHcate<l 
phenomena. As yet it is too early to say more than that we 
shall in all pi-obability thus arrive at facts of the highest 
importance both as regards the internal state of the sun and 
as regards the behaviour of the molecules of our teirestrial 
elements when they are subjected to the enormous temperatures 
and pressures which must exist on our luminary. 

Sometimes, however, absorption bands and lines are observed 
in a sun-spot which are not seen at all on the sun under ordtnaiy 
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circumstances. It is probable tliat in these cases the temperatuie 
witbiD the spot has been sufficiently lowered to produce changes 
in the spectrum aui^h as have been discussed in the third lecture. 
Fi^. 1:11 represents the spectrum of a sun-spot as observed at 
Greenwich, and the drawing exhibits a number of bands in the 
spot-spoctvuui which are not seen in the spectrum of the 
adjoining parts of the solar surface. 

In the next lecture we shall see how the spectroscope can 
also give us infoi'niation as to the motion of lumino\t8 bodies 
towards us or away from us, and how we thus become aware of 
the existence of violent commotion witliin tlie spot, consisting of 
upward or downward rushes of gas. 
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I cannot of course enter into an acrouut of the numerous 
tlieorics of sun-si>ots, but it seems certain tliat the blackest parts 
of the 8|x>t are cooler and subjected to greater pressure than the 
rest, and it has also been found that the level of these cooler 
gases is lower than that of the general surface of the sun, so that 
these sjiots, whatever they are caused by, are really depressions 
in tlic sular surface. The remarkable physical conditions which 
iM examination of these sun-sjwts reveals will be referred to 
hfreafter. 

I now ]Hiss to another important application of the spectro- 
scope to solar phy.tics. The lii-st stiptowards tliis application ha^ 
^Kcn the examination of the light emitted by those remarkable 
protubcmuccs, or red flames, wliith, during a total eclipse, an- 
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I to dart uut froin the surface of the suu to tite cuormmis 
height of BOiut! 80,000 to OO.OfiO miles. The appearance of the suu 
during the total eclipse of 18C0 is represented by Figs. 82 and 83, 

^^Rhich are copies of pliotogrnplis tnkeii by Mr. De la Kue 

l^in Spain during tlie eclipse- Tlio first f>ne of these was taken 

immediately after tliu total ohscuniiion, and the second just 





reviouH to till- renppearauce of tlie sun. The existence of 

flames proves that the sun's incandescent atmosphere 

Bteilds to a very yrcat height above the ordinary iind usually 
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visible portion, and it is a very remarknble fact, oxplalned. 
however, by recent observations, that certain protuberances 
which were not visible to the naked eye are fonnd in the 
photograph; the flames emitting rays of a high degree of 
refrangibtlity so weak as not to act upon the retina, although 
strong enough to produce an inmge on the sensitive plate. 



'« d«rk limb in the ndglibaurliooil of Uit iirumlimion U in 



A most striking feature of the discovery of the nature of Uie 
material composing these red protuberances is that it was made 
independently and nearly simultaneously, by two observcR, 
many thousands of miles apart, namely, by Mr. J. Nonnan 
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Lockyer in England, and by the French astronomer M. Janssen 
in India. In the autumn of 18C6 Mr. Lockyer suggested^ that 
it might be possible, by the use of the spectroscope, to obtain 
evidence, under the ordinary conditions of the solar disc, of the 
red prominences which had hitherto only been seen during total 
eclipses. After many fruitless attempts Mr. Lockyer at last, on 
Oct. 20, 1868, succeeded in seeing the prominences with an 
nnobscured sun, and he ascertained that the spectrum of the 
prominences is discontinuous, consisting of three bright bands, 
which he then gave as being — 1, absolutely coincident with c ; 
2, nearly coincident * with F ; 3, near D. The principle adopted by 
Lockyer, by which these bright lines, proving the gaseous nature of 
the prominence, were rendered visible, was that of employing a 
spectroscope with a heavy battery of prisms, and possessing a strong 
dispersive power. The light from the body of the sun, producing 
an almost continuous spectrum, was in this way much spread 
out and thereby weakened ; whilst the luminous intensities of 
the monochromatic rays emitted by the glowing gas were but 
slightly diminished, and thus the light from the prominences 
became visible without being interfered with by that emanating 
from the body of the sun: A simple experiment will render 
this important point clear. If I throw the light from the 
incandescent carbon points on to the screen by passing the rays 
through a flint-glass prism, you will observe a short but very 
bright and perfectly continuous spectrum ; if I next substitute 
for the glass prism two prisms filled with carbon disulphide, you 
see that the spectrum becomes very much elongated and its 
luminous intensity correspondingly diminished, so that now you 
can distinctly obser\'e the narrow yellow sodium band and 
many other bright lines due to impurities in the carbon. These 
lines were present when the glass prism was used, but they were 
rendered invisible by the greater brightness of the continuous 
spectrum. 

Whilst Mr. Lockyer was experimenting in England, 
M. Janssen had been sent out by the French Government to 

^ Proc. Roy. Soc. Oct. 11. 1866. 

' Since shown to lie actually coincident with it. 
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Guntoor, in India, to observe the spectroscopic appearances 
presented by the sun on the total eclipse of August 18, 1868. 
On that occasion he saw and measured the position of the 
bright lines above refeiTed to ; but, struck by their intensity, he 
likewise conceived the idea that they might be seen when the 
sun was un-eclipsed, and cried out, as he was looking through 
his telescope, " Je reverrai ces lignes-]a ! " On the next 
morning, as soon as the sun rose out of the bank of clouds 
which lay on the horizon, he succeeded in his endeavour, he 
saw the protuberances plainly, and was able to do what he 
failed to accomplish in the hurry and excitement of the eclipse ; 
namely, to measure the exact position of the bright lines. 
" So that," he writes, " the last seventeen days have been to me 
like a perpetual eclipse/' 

The announcement of M. Janssen's independent observation 
was received by the French Academy on October 20, 1868, i^ 
few days after Mr. Lockyer's discovery had been made known to 
the Royal Society. As regards the claims of priority of thk 
discovery, you will all, I am sure, feel inclined to agree with the 
following eloquent words of M. Faye when speaking on this 
subject in the French Academy on October 26, 1868 : — 

" Mais au lieu de chercher a pai^tagcr, et par consequent k 
atfaiblir le merite de la decouverte, ne vaut-il pas mieuz en 
attribuer indistinctement Thonneur entier a ces deux hommes 
de science qui ont eu sepan'ment, Ji plusioui's milliers de lieues 
de distance, le bonheur d aboider Tintangible et Tinvisible par 
la vole la plus etonnante peut-etre que le gdnie de Tobservation 
ait jamais cuui^ue ? " 

By these observations of Lockyer and Janssen, therefore, 
it was proved that the prominences contained glowing masses of 
hydrogen, and since that time prominences and their spectra 
have received continuous attention and are daily watched in 
different Observatories. 

Lockyer, soon after his first discovery, noticed the presence of 
the violet hydrogen line (/<); this only appears, however, 
at high tcmjx!i*atures, a fact which is of some importance, as by 
such observations we may ultimately ho|x; to fix the temperature 
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different ports of the solar surface. In addition to the lines 
of hydrogen, those of other substances make their appearance 
esfKcialiy in the lower parts of the prominences. A yellow line 
shown in Fig. 85, close to the sodium lines, though some- 
what more refrangible (5875) seems always present and rises 
the siime height as the hydrogen lines. The same figure 
«lfio exhibits the magnesium and sodium lines, which are 
iwever, confined to the neighbourhood of the sun's limb anil 
lay possibly, as we shall see, not belong to the prominences 
properly speaking. The photographic results obtained during 
the lust three eclipsps have proved, moreover, the presence in 
the ptomineiices of calcium in large quantities. The Hues 
of calcium which are especially strong are those known as in 
violet H and K. but as these lines are near the limits of 




^sibility they had for some time e.sciiped notice. From the 

ranee of the photographs tak«n during the eclipses of 

175 and 1882, it would seem that calcium forms perhaps even 

\ larger part of the prominences than )iydrogen, 

A great step in the further investigation of these phenomena 

ft made by Dr. Hoggins, who first showed how by widening thp 

pt we may observe not only the spectnim but even the nctiml 

ISpe and form of the prominences. To make his observations 

■ vuccessful he bad, however, to employ a screen of niby glass ; 

but Lockyer and Zollner afterwards showed that this can be 

dispensed with if a spectroscope of sufficient dispersive power be 

, used. It is easy to see how the widening of the slit produces 

B required effect, for if it be sufBHently broad to take in the 
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whole image of a prominence, that image will be repeated as 
many times as there are elementary rays in its composition. 
Tlie large dispersion is necessary, as before, in order to spread out 
and weaken the continuous band of light which also forms a 
regular part of the prominence spectrum ; and as that con- 
tinuous spectrum will appear more strongly with a wide than 
with a narrow slit, we easily see that a dispersion which may 
be sufficient to show the prominence lines with a narrow slit 
may not be large enough to show the whole prominence with a 
wide slit. It is usual in observing solar prominences to throw 
the image of the sun in such a way on the collimator that the 
slit shall he tangential to the solar limb, as it is found that we 
can in this way more easily avoid the introduction of the 
spectrum of the sun itself, which by its intensity would increase 
the difficulty of seeing the prominences. 

Lockyer describes some of these enormous flames of 
incandescent hydrogen as being 27,000 miles in height, and 
finds their changes to be so rapid that they totally disappear 
in less than 10 minutes! ** During the last few days," he 
writes, ** I have been perfectly enchanted with the sight which 
my spectroscope has revealed to me. The solar and atmospheric 
spectra being hidden and the image of the wide slit alone being 
visible, the telescope or slit is moved slowly, and the strange 
shadow -forms flit })ast. Here one is reininded by the fleecy, 
infinitely delicate cloud -forms, of an English hedge-row with 
luxuriant dnis ; here of a densely intertwined tropical forest, 
the intimately interwoven branches threading in all directions, 
the prominences generally expanding as they mount upwcords, and 
changing slowly, indeed almost imperceptibly. By this method 
the smallest details of the prominences, and of the chromosphere 
itself, are rendered perfectly visible and easy of observation." 

Z(>llner has also made similar observations, and has published 
striking drawings of some of these protuberances, which I here 
have the pleasure of showing you (Fig. 8G), These drawings 
represent one and the same protuberance observed on July 1, 
18G9, which underwent the singular changes here seen between 
the hours of GIi. 45' and 7h. 8' A.M., some of which remind one 
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of the outbursts of a volcano, ox the eruptive discbarges of ti 
gejsir.^ lu one case a fliokeriug flame-like motion was observed 
to pass in a, few Georouds up and dowu, a born giiootlng up tu tliu 
hcigbt of 50,0(JU miles (Fig. 87} ; whilst other protuberances 
I'uriiied clouds whicb seemed to bavo been shot upwartla by a 
kind of explosion (Figs. 86—90). The cbromolitU on tho 
oppo^te page, also one of Zollncr's drawings, shows still more 
Strikingly the appearance of these prominences. 



^'l^^^^t'AJ^^^^K'^ 



,^^ 



^BTbe Btartiiug rapidity witb which these gigantic masseij 
^PhydrogGQ appear and disappear proves that currents, storms, 
and liurricanes are of constant occurrence in tbe chiomospbere. 
These changes are doubtless brought about there, as iu our own 
atmosphere, by local vnriations in temperature. " But," as 
Kiroliboff remarks, "the difl'c-renccs in temperature wbicb 
protluce these winds may amount to thousands of degrees, 
and, therefore, the force of tiie currents must fur esceed that of 
I See Apii.'iidk C. 
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the most violent terrestrial tornadoes." BolL u-liMCopio nnd 
spectroscopic observations of pbonomena wliieh liiivo long Uicfl 
known as peculiaritioa of the aolax disc fully tenr out (.liia 
conclusion. You will have anticipateJ me when I i 
I refer not only tji the 'hirk sun-spoLs of whicli I ] 





but also to the bright stripes or faculte which are aiwftjril 
or less visible on the solnr surface. 

Astronomers formerly supposed that the sun-spots v 
in the photosphere throrigh which the ilark body of the s 
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have already stated, sun-spots are really hollows or cavities in 
the solar atmosphere where the temperature of the glowing 
gases has been reduced. These spots look to us black because 
they give ofiF less light than the surrounding portions of the 
sun's surface, but they are not, therefore, non-luminous ; on the 
contrary they emit much light though they appear dark, just as 
a candle-flame looks black when held in front of the much more 
intensely-heated surface of the lime-light. The telescope has 
long ago told us of the gigantic changes, sometimes extending 
over even thousands of millions of square miles, which these 
spots undergo, but it is the spectroscope which admits us into 
the secrets of the constitution of these most singular phenomena. 
This instrument has shown us that the gases of the whole 
solar atmosphere are constantly in a state of the most violent 
motion, and has proved that a spot is a region of greater 
absorption. The faculse, on the contrary, are accompanied by 
the incandescent vapours of sodium, iron, magnesium, and 
barium, thrown up by a sort of volcanic action from the lower 
to the higher regions of the solar atmosphere ; for the bright 
lines, indicative of the presence of these bodies, occasionally 
make their appearance, not only at the edge of the sun's disc, 
but also in the centre of the sun's surface near the bright 
faculse, or in the hotter ascending currents of the igoited gases. 
Lockyer even describes a cloud of incandescent magnesium that 
he saw floating high up above a prominence. What an insight 
this single observation gives us into the condition of solar 
physics ! 

Another most interesting subject has reference to the 
spectrum of the corona or the haJo of silver-white light which 
surrounds the moon on all sides during a total eclipse of the 
sun (Fig. 91). 

The spectrum of the corona has recently been made the 
subject of much careful study; but as this examination can 
only be satisfactorily carried out during the short duration 
of a total eclipse, and as such total eclipses are not very 
frequent, our knowledge on this subject is not so precise as 
that respecting the chromosphere. Nevertheless, thanks to the 

s 
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untiring energy of astronomers and spectroscopists of all oatH 
who havo vied with each other in this great work, we liaM 
arrived at certain definite conclusions respecting the corona. 

At first indeed it was a matter of doubt whether the coronal 
lialo belonged to the sun or was not rather a purely terret 
or lunar phenomenon. The numerouB photographs of the 




iro mi . [ 

>sti^H 

1 



however leave no doubt that if any part of the corona is not 
solar, that part must be very insignificant indeed. Photographs 
of the same corona, tnk^n at different places, exhibit an 
identit'al structure and have shown no sign whatever of any 
terrestrial influence. 

That none of the cnronni phenomena are connected wit^. 
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rmoon is sufficiently provwl by tbe fact that iluriug the ecljpsy 

B body of the moon is seen to pass over the hiwer parts of the 

Itorona whilst tbe outer parts do not change their position, and 

^ewise by the important discovery of Dr. Hnggins. to which I 

afterwards allude, Uiat the corona cnn be ]>liotogiaphed 

n oprlinary daylight. 




fcThs form of the corona is seen to vary much in different 

Jipses, and a connection between it and the snn-spot period has 

V been clearly establi.ihcd. Fig. 92 rejiresents a corona such .-is 

Ifereen during a sun-spot minimum. It is a copy of a photograph 

1 Colorado by thi? Aniorican obsprvers during the cciiiisi- 

tl87S. We notice large e.'slensioiiB in llic direction of the soinr 
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equator, wlule shorter curved rays are observed near the ] 
No such symmetry is seen during a corona taken dui 
period of mikximuin sun-spot, such as is given in Fig. 01 repl 
senting the corona of December 22nd, 1870. An iutermet 
state between the corona of maximum and that of i 
solar disturbance was seen in the eclipse of 1872 In India aw 




represented in Fig. 93. The stniutural details of the coronfl 
photographed in Egypt during the total eclipse of 1888 dtirl 
a maximum spot period are well Been in the copper-pl 
engraving which serves as the frontispiece to this vohime. 
Let us now pass to the consideration of the Spectr 
discoveries which have been made duriug total solar eclipBeSrl 
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The eclipse of 1868 was chiefly taken up with the study of the 
prominences ; Major Tennant, however, during that eclipse, tried 
also to examine the corona. He could only see a continuous 
spectrum. In the following year however Harkness, Young and 
Pickering, independently discovered at least one bright line in 
the corona. The wave-length of this line, wliich does not coincide 
with the line of any known element,^ is 5315*9, but it generally 
goes by the designation of K 1474 as it occupies that scale- 
number on Kirchhofif's map. It is coincident with a dark line 
in the solar spectrum, and its accurate identification during the 
short duration of an eclipse will always remain a striking proof of 
Professor Young's observational skill. The portion of the solar 
spectrum surrounding the principal coronal line as it appears 
when seen with great dispersion has been accurately drawn by 
Professor Young, and is represented in Fig. 94. In this figure 
two lines marked x are seen close together. Of these the more 
refrangible is the coronal line, while the less refrangible is an 
iron line which at one time was supposed to be coincident with 
it, until Professor Young separated the two lines. The existence 
of two other lines, also in the green, has been asserted by some 
observers, but their position has never been properly fixed. The 
brightness of the principal green coronal line varies very much 
during different eclipses, and while it is strikingly brilliant 
during some, it was not seen during others, as in 1878, by a 
great number of the observers, being only slightly brighter than 
the continuous background. 

An important obsei'vation by M. Janssen in 1871 proved that 
the continuous spectrum of the corona is interrupted by some 
dark Fraunhofer lines. This discovery, since confirmed, proves 
that the corona shines partly by reflected light, a fact which is 
also proved by polar iscopic observations. A probable explana- 
tion of this is that meteoric matter circulating round the sun or 
falling into it, is present in sufficient quantity to scatter and to 



^ It was at one time supposed that the line was coincident with a weak iron 
line. To those acquainted with the lawn of spectroscopy this could only iudicatii 
ail accidental coincidence, but it would seem from recent observations that 
tlic iron line is slightly less refrangible. 
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reflect ordinary suoliglit towards the earth, and thus to gi>'e 
riye to tlie nppearance of all the dark Fraunbofer lioea. 

Each subsequent eclipse has added to our knowledge, and a 
great step was made in 1882 in Egypt when, "thanks to Captain 
Atmeys dry plates, successful photc^raphs of the spectrum of the 
corona and prominences were obtained by Dr. Schuster. The con- 
tiouous spectrum of the corona with the solar group G reversed, 
confirmed Tennant's and Janssen's observations. The photograph 
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sL-fii in Fig. 9G also exiiibits the coiiipIirat<^>d line-spectrum of 
the corona, and in addition to the one green line, which up to 
that date was known to be present, we now have a photographic 
record of about thivly more' The same eclipse lias also given 
us the following valuable information on the spectrum of 
prominences. In the first place, the idtra-violet hydrogen lines 
' Abu.)- iiiid Sdiublci, lliil. Tniijs. 18S4, i^irt ii. 
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were discovered to be present, besides a number of unknown 
lines, whilst lines due to calcium appeared even stronger than 
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those of hydrogen, a fact suspected in the eclipse of 1875 but 
n(jt proved until the above year. 

A great deal of work remaii^ yet to be done during total solar 
eclipses, but as time goes on we shall be able to do more and 
more of the eclipse work in ordinary daylight. In corroboration 
of this opinion I may mention Dr. Huggins's recent most im- 
portant success of obtaining photographs of, at any rate, the 
inner and brighter part of the corona even in our London 
atmosphere. The first of the two plates on the opposite page 
gives an accurate representation of the appearance of tbe corona 
j)hotographed by him in ordinary daylight, within a few weeks 
of the total eclipse of May 6, 1883, of which a drawing is given 
in the second of the two plates from a photograph taken in 
the South Sea Islands by Messrs. Lawrance and Woods. The 
general structural resemblance of these, places beyond a doubt 
the reality of Dr. Huggins's discovery, whilst a comparison 
of the four coronas, as photographed, shows evidence of a 
gradual change in the rifts so characteristic of this interesting 
phenomenon. 

From what I have already said, you will see that the spectro- 
8C0i>e has now become an instrument as essential to the 
astronomer as it is to the chemist. You will, however, be more 
forcibly convinced of the power of this new aid to astronomy, 
when I explain, as I hope to do in the next lecture, that it has 
not only given us information as to the chemical and physical 
condition of the stars, comets and nebuIsB, but that it has 
actually enabled us to ascertain with accuracy the rate with 
which the ignited gases of the solar atmosphere rush forward 
and to measure the speed of motion, towards or from the earth, 
of the fixed stars. 
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LECTURE v.— APPENDIX A. 

PROFESSOR BALFOUR STEWART ON RADIATION AND 

ABSORPTION.^ 

We have hitherto chiefly confined our remarks to tbe radia- 
tion of carbon at different temperatures ; and taking that 
substance as a type of solids, and comparing its radiation with 
that from incandescent gases, we have found a very great and 
striking difference between the two classes of spectra, that of 
carbon being continuous, while those of gases are discontinuous. 
We shall now endeavour to connect the radiative properties of 
bodies with their absorptive properties. 

Let us begin with the temperature of boiling water, or 100** 
Cent. Let us now, therefore, suppose that we have a large 
thermometer at this temperature hung up in a room having the 
temperature of melting ice. The thermometer will lose heat in 
two ways : by convection on account of the air which surrounds 
it, and which is continually carried off and renewed, and also 
by radiation. But in order to confine our thoughts to the latter 
process, let us suppose that the chamber is a vacuum. Now, in 
the first place, let the outside of the glass bulb of the thermo- 
meter be coated with a thin coating of polished silver, and let 
us ascertain how much heat it radiates in one minute. Next 
let the bulb be coated with lamp-black, the same experiment 
being repeated, that is to say, the thermometer at 100° Cent, 
being allowed to cool for one minute in a vacuum chamber 
of 0^ It will be found that the bulb now radiates in a minute 
very much more heat than it did when coated with silver. 
Next let the glass bulb be left uncovered, and the thermometer 

1 Soe PMinb. Roy. Soc. Trans., xxii. (1861). 
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will still be found to radiate almost as much as when the bulb 
was covered with lamp-black. Finally, let it be covered with 
white paper, and its radiation will still be found to be almost 
equally great. We are thus entitled to say that at 100** Cent a 
blackened surface, or one of glass or white paper, radiates much 
more than a surface of polished silver, and we may thus con- 
struct a table of the comparative radiating powers of bodies 
heated to 100° Cent., at the top of which we may put a lamp- 
black surface, a surface of glass, and one of white paper, and 
much lower down one of silver, which is a very bad radiator. 
<Jur table of radiating substances for heat of low temperature 
will therefore stand thus : — 

( Lamp-black surface. 
Good Kadiatora j Glass. 

( White paper. 
Bad Kiuliator Polished silver. 

Suppose now that the thermometer is at 0^ and is earned 
into a vacuum chamber of the temperature of 100**, this being 
the reverse of the previous process. In the first place, let the 
bulb, as before, be coated on the outside with a coating of silver; 
it will absorb a certain quantity of heat in one minute ; observe 
how much. Next, blacken the bulb with lamp-black, repeat 
the experiment, and measure the absorption which takes place 
in one minute as before ; the absorbing power of the ihermo- 
meter will now be considerably increased. Again, if the coating 
be entirely removed, and nothing left above the glass bulb, it 
will be found that the absorbing power of the glass bulb is 
almost as great as that of the blackened bulb, and the same 
result will be obtained if the bulb be covered with white paper. 
We may thus constnict a table of the comparative absorbing 
powers of various bodies for heat of 100**, at the head of which 
we may place a lamp-black surface, a surface of glass, and one 
of white paper, and much further down one of polished silver. 

Our table of bodies which absorb heat of 100** will therefore 
stand thus : — 

( Iiamp- black surface. 
Good Absorbents . . . . •] Glass. 

( White jNiper. 
Bad Absorbent Polished silver. 
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If these two tables, the one of radiators and the other of 
absorbents, be now compared together, they will be found to be; 
identical ; so that the blackened thermometer at 100° will, in 
the first case, cool much more rapidly than the silvered one 
when transferred to the chamber at 0°, on account of its superior 
radiation, and will also, in the second case, starting from 0°, 
become heated much more rapidly than the silvered one when 
transferred to a chamber of 100°. In fine, good radiators arc ohu 
good absorhents, had radiators bad absorbents. It is worthy of 
remark, before proceeding further, that surfaces behave very 
differently in their absorbing power for different rays. White 
paper and glass, as we have seen, are both very strong absor- 
bents of low temperature heat, while both of them are manifestly 
non-absorbents of luminous rays. 

Extending now these considerations to visible rays proceeding 
from bodies of high temperature, they furnish us with soino 
very interesting and instructive experiments, which will now b»j 
described. 

Experiment 1. — Take a ix)rcelain plate of black and white 
pattern (the black of the pattern will of course be a strong 
absorbent of luminous rays, while the white will be a less 
powerful absorbent). Heat it to a good red or white heat in 
the fire, and when so heated take it out and rapidly carry it to 
a dark place ; the black will appear much more brilliant than 
the white, presenting a very curious reversal of the pattern. 

Experiment 2. — Take a piece of polished platinum foil, and 
make an ink-mark upon it. Bring this foil to a red heat with the 
flame of a Bunsen's burner in a dark room, and the ink-mark 
will shine out much more brightly than the polished platinum. 

Experiment 3. — Make a white mark on a black poker with a 
piece of chalk ; when heated to a good red heat, examine it in 
the dark, and the chalk will shine out less brightly than the 
rest of the poker. 

These experiments might be multiplied indefinitely, all tending 
to show that bodies which, when cold, are good absorbents, are, 
when hot, good radiators ; and the observation may be extended 
to plates of various thicknesses as well as to mere surfaces. 
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Thus a polished plate of rock-salt absorbs very little heat of 
low temperature (Art. 295), and when heated to 100** Cent, it is 
found also to give out very little heat. In like manner a piece 
of transparent colourless glass which absorbs very little light 
will, when heated in the fire, and quickly examined in the dark, 
be found to give out very little light ; while on the other hand, 
a piece of opaque glass treated in the same way will give out a 
great deal of light. In like manner a film or stratum of air is 
well known to absorb little light or heat of any kind, and so 
when heated it hardly gives out any. 

We may now generalize our conclusions by the statement 
that opaque and ru/n-rejlecting solid or liquid particles are a/ onee 
good radiators and good absorbents for most kinds of rays ,- while, 
on the other hand, polished metallic surfa/ies, and more especiaUy 
films of gas, s-ach as air, absorb and radiate very little either of 
light or heat. 

It has been mentioned incidentally that surfaces or plates do 
not behave in the same manner in regard to different kinds 
of rays : let me now dwell at greater length on this point, for it 
is perhaps the most important of the whole subject. White 
paper, it was seen, was a strong absorbent for heat of low 
temperature, while it is evidently not so for luminous rays, for 
the very reason that it appears white. In like manner the 
uncovered glass of the bulb of a thermometer was found to 
be a strong absorbent for low temperature heat, but it is 
evidently not so for luminous rays. To prove this, we have 
only to hold a thermometer in the sun, and we shall be dazzled 
with the light reflected from its bright mercurial surface, 
which only reaches the eye after it has twice passed through 
the glass. 

Even within the limits of the visible spectrum we have, as a 
common occurrence, substances which absorb certain rays and 
allow others to pass. For what is it that makes the leaves of 
plants appear green ? Is it not that they absorb all the various 
constituents of sunlight except the green which they allow to 
be reflected ? In fine, all coloured substances are substances 
which behave in a partial manner with respect to the visible 
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rays, and if we had no such partial absorption, we should be 
deprived of one great source of beauty in nature. 

Coloured glasses afiFord a very familiar illustration of this 
selective or partial absorption. A green glass absorbs all, or 
nearly all, the red rays which fall upon it, allowing the green 
to pass ; on the other hand, a red glass absorbs nearly all the 
green, and allows the red to pass. 

Thus we see that surfaces or plates which behave in one way 
with respect to dark rays, may behave differently with regard 
to luminous ones ; nay further, a substance that behaves in one 
way with regard to a luminous ray of one colour, may behave 
in a different way with regard tx) a luminous ray of another 
colour. We have stated generally, that good radiators are good 
absorbents ; but in view of the fact that bodies select or choose 
the rays which they absorb, this statement must be extended,, 
and we now assert that bodies when cold absorb (he same kiiid of 
rays that th4:y give oiit when heated. 

It will be desirable to give, in the first place, some experi- 
mental proofs of this before attempting to explain the principles 
upon which the statement rests. 

Experime7it 1. — Rock salt when heated to 100° gives out that 
peculiar kind of heat which is greedily absorbed by a cold plate 
of rock salt. To prove this, heat a thin plate of rock salt to 
100°, and allow the heat from it to fall upon an appropriate 
instrument for measuring such heat, but only after it has passed 
through a cold plate of the same material : now this cold plate 
will be found to have stopped at least three quarters of the 
heat which falls upon it, while it will only stop a very small 
percentage of any other kind of heat. 

Ejyperiment 2. — Red glass stops tlie green rays. Now heat a 
piece of ruby-coloured glass to a white heat in the fire ; if exa- 
mined in the dark it will be found to give out a greenish ligLt, 
being the same sort of light that it absorbs. Next, heat a piece 
of green or blue glass, which absorbs red rays, and its light, 
when viewed in the dark, will be found to be particularly 
red, being, as before, the kind of light which it absorbs when 
cold. 
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Ejqterimeni 8. — Make a spectrum of the electric light after 
the method already described, and hold burning sodium between 
the electric lamp and the sUt ; it will be found to produce a 
comparatively dark band in the spectrum. Next, stop the electric 
'liscliarge while the sodium is left still burning ; the same band 
will now appear luminous, that is to say, the sodium, which 
l>uing conipiirntively cold when compared to the temperature of 
I Ik- electric light stops one of its rays, gives out, when heated, 
this very ray on its own account. 

All these experiments tend to show, as a matter of fact, that 
hodies, when cold, or comparatively so, absorb the same rays 
which they give out when heated. 

Our readers must now permit us to transport them in imagi- 
nation to a white-hot chamber, kept uniformly at this tempera- 
ture : such, for instance, as one of those chambers in which glass 
vessels are annealed. We will suppose it to be shut in closely 
with walls on all sides, with the exception of a small opening 
through which we can either introduce anything into the 
chamber, or, if we choose, see what is going on inside. 

Let us introduce puiLshcd platinum marked with ink, or coal, 
ur black and white porcelain, or red glass, or green glass, or 
transparent glass, or black glass. When left sufficiently long, 
until they have acquired the temperature of the walls of the 
chamber, if wc look in through the small hole, we shall see no 
jipparcnt difterence between the light coming from these various 
substances and that from the walls of the chamlier, in fact, every- 
thing will appear to be of the same uniform white heat. If, 
however, we hastily withdraw these various substances, and^ 
without allowing them time to cool, examine them in the dark, 
wf shall find, as already mentioned, a great variety in the 
appearances which they present ; the colourless glass and the 
j)olished platinum will give out very little light, the coal and 
the black of the porcelain n great deal. 

These two facts may be reconciled with one another in the 
following manner. Let us tiike the trans[)arent glass ; this gives 
out very little light on its own account, but, on the other hand, 
it stops vtTV little of that which reaches the? eye from the whiti*- 
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hot wall behind it, being eminently transparent for such light 
If we suppose that the rays from the wall are as much recruitoci 
by the light given out by the glass on its own account as they 
are absorbed by its substance, then we shall have an expinnation 
of the fact that the combined radiation of the glass and the wall 
is no greater than the wall itself, had there been no glass there 
The polished platinum, in like manner, gives out little light on 
its own account, but when in the white-hot chamber it reflects 
copiously the light which reaches it from the wall, so that, to 
an observer viewing it through the small opening, it will have 
80 completely supplemented its deficient radiation by its great 
reflection, that altogether it will appear equally bright with th» 
wall itself. 

Applying this explanation to the various substances which we 
have introduced into the white-hot chamber, we see at once 
why they cause no change in the intensity of the light that 
reaches the eye placed at the opening. For although, no doubt, 
it is only in the case of the black substance, such as coal or 
black porcelain, that all the light comes from the substance 
itself, yet, in the other case, what the substance wants in 
radiating power it makes up by allowing to pass either through 
its substance, as in the case of transparent glass, or from its 
surface, as in the case of polished platinum and white porcelain, 
what is deficient in its own radiation. 

But let us now further consider for a moment the red and 
green glass which we have introduced into this chamber. As we 
view them from the opening, we are at a loss to distinguish 
which is the red and which is the green, — they have so absolutely 
and entirely lost their colour. Nor have we far to seek for an 
explanation of this. The red glass absorbs the whitish or 
greenish rays from the heated chamber behind it, but, in return, 
it gives out on its own account an equal amount of rays, and 
these of precisely the same kind as it has absorbed, so that the 
light from the wall behind, in passing through the glass, is just 
as much recruited as it is absorbed, and this equality holds for 
every individual kind of ray which goes to compose this light, 
and thus it happens that the combined radiation of the wall 
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and the red glass is precisely the same both in quantity and in 
quality as if there were no glass. 

The same principles apply to the green glass. It absorbs the 
reddish rays from the wall, but it gives out an equivalent both 
in quality and quantity for the rays which it absorbs, so that the 
absorption is virtually cancelled, and the combined result of wall 
and green glass is, as before, the same as if there were no glass. 
We thus see that all substances of all kinds, when placed in a 
room of uniform temperature, and allowed to remain until they 
have attained the temperature of the enclosure, will absorb just 
as much jis they give out, and that this equality between absorp- 
tion and radiation will hold good for every individual ray of 
which the heterogeneous radiation of the heated wall is composed. 
(By individual rays, we mean the various rays into which the 
whole radiation may be split up by means of the spectroscope.) 
All that we have now said has been built upon the hypothesis 
that the substances are in an enclosure, let us say a white-hot 
one, of the same temperature as themselves, and if we cannot 
easily command such a field of white-heat, yet the centre of a 
good fire is a very near approximation ; and if we introduce into 
such a fire a number of pieces of variously coloured glass, and 
exclude from the room all sunlight or gaslight, we shall find 
their colour vanish when once they have reached the temperature 
of the fire. 

APPENDIX B. 

ON MAPS OF THE SOLAR SPECTRUM 

We owe the first detailed map of the solar spectrum to 
Professor Kirclihoff; but this map, though admirable as far as 
it goes, was unfjrtunately drawn to an arbitrary scale ; and can, 
therefore only be used in conjunction with other maps which 
give the wave-lengths of the principal lines. Such a map was 
supplied by Angstnim, who carefully measured the wave-lengths 
of the principal Frauuhofer lines and })ublished an Atlas of the 
solar spectrum, which still forms the standard for all our wave- 
length determinations. 
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The improvement in spectroscopic instruments was, however, 
so rapid that a more detailed map even than Angstrom's and 
Kirchhoff s became necessary. H. C. Vogel ^ published a large 
map drawn by him in conjunction with Dr. Mliller representing 
the spectrum between wave-lengths 4,800 and 5,400. A few 
years afterwards Fievez, using a combination of prisms and a 
grating to separate the lines, seems to have obtained a very 
perfect spectrum and published a map, reaching from 6,600 to 
4,500.* This was subsequently extended to wave-length 7,700.* 
Professor Piazzi Smyth,* who has given much attention to 
the study of the solar spectrum, has published measurements 
representing the state of the solar spectrum as seen by him in 
1877 and 1878. His account has no regular map attached to 
it, but the measurements of each line are given together with a 
diagramatic sketch of its appearance. The measurements have 
been reduced to inverse wave-lengths in British inches, which 
renders their comparison with those published by other observers 
rather tedious. A number of such careful sets of measurements 
is especially useful, as the question of the absolute permanency 
of the solar spectrum is not as yet decided. 

By means of photography we are able to study those portions 
of the solar spectrum which lie outside the range of visibility. 
Mascart and Comu ^ have given us valuable maps of the ultra- 
violet portions, and we owe to Captain Abney photographs of 
the dark lines in the infra-red.® Professor Langley has also 
studied the infra-red region by means of his bolometer. 

Even in the visible parts of the solar spectrum photography 
affords a ready means of accurately fixing the position of the 
dark lines. The photographs of Mr. Rutherfurd of the regions 
between F and H are excellent but not reduced to a wave-length 
scale. Much is expected of the promised but not yet published 
photographs of Rowland, extending over the greater part of the 
visible spectrum. 

^ Publicationen des Astrophysikalischen Observatoriums zu Potsdam, vol. i., 
1879. ^ Annales de TUbservatoire Royal de Bruxellcs, vol. iv., 1882. 

• Ibidem, vol. v., 1883. 

* Transaction Roy. Soc. Ed., xxix. p. 285, 1880. 

» Comptes Rendus, Ixxxvl 101, 983. « Phil. Trans. 1880, p. 653. 
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We possess also some very valuable detailed measurements of 
certain specially interesting parts of the solar spectrum. Thus 
ThoUon * and Young (see Fig. 95) and Piazzi Smyth * have 
carefully drawn the dark lines in the neighbourhood of the (h) 
group. Piazzi Smyth's paper on the subject contaius a most 
interesting comparison of the lines as seen by different observers 
and with different instruments. An inspection of the plate 
given by him affords au excellent opportunity of noticing the 
gradual improvement which has taken place in our optical 
instruments, since the solar spectrum was first studied. Fig. 
94 represents Professor Young's drnwing of the region of the 
solar spectrum surrounding the principal line of the solar 
corona. 

The region of the two yellow sodium lines has also been care- 
fully studied by different observers, but the drawings are not so 
easily compared, as the majority of the lines in this part are due to 
our atmosphere ; their intensity and width depends, therefore, on 
atmospheric conditions. 

The admirable photographs by Mr. Lockyer* of the interesting 
portion of the solar spectrum lying between the solar lines H 
iind K also deserve special mention. 



APPENDIX C. 

ON LOCKYER AND JANSSEN's DISCOVERY. 

The discovery of the possibility of observing daily the pro- 
minences on the solar limb, is of such importance that the 
following short historical account may still be of interest. Mr. 
Lockyer* so long ago as the year 1866 suggested that it might 
be possible by the use of the spectroscope to obtain evidence of 
the presence of these prominences, though they had escaped all 
other means of observation except on the rare occasion of total 
solar eclipses. After many fruitless attempts to realise his 

» (;. R., Ixxxviii. p. 80 (1879). - Tr. Rov. Soc. Eil., xxxii. (1883.) 

' Pliil. Trans. 1881, p. 561. * Proc. Roy. Soc., October 11, 1866. 
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hopes, Mr. Lockyer at last succeeded, on October 20, 1868, in 
obtaining the spectrum of a solar prominence; and he thus 
announces his important observation to the Royal Society, 
through Dr. Sharpey : — 

" Sir, — I beg to anticipate a more detjailed communication by 
informing you that, after a number of failures, which made the 
attempt seem hopeless, I have this morning perfectly succeeded 
in obtaining and observing part of the spectrum of a solar 
prominence. 

" As a result I have established the existence of three bright 
lines in the following positions : — 

I. Absolutely coincident with c. 
II. Nearly coincident with F. 
III. Near D. 

" The third line (the one near D) is more refrangible than the 
two darkest lines by eight or nine degrees of KirchhoflTs scale. 
I cannot speak with exactness, as this part of the spectrum 
requires remapping. 

" I have evidence that the prominence was a very fine one. 

" The instrument employed is the solar spectroscope, the funds 
for the construction of which were supplied by the Government 
Grant Committee. It is to be regretted that its construction has 
been so long delayed. 

" I have, &c., 

" J. Norman Lockyer. 

" The Secretary qf the Royal Society,'* 

M. Janssen was sent by the French Government to observe 
the total eclipse at Guntoor in India, and on August 18, when 
examining the bright lines exhibited by the spectra of the 
prominences visible during the totality, the thought struck him 
that it might be possible to see these lines when the sun was 
nnobscured, and on trying the experiment on the next day he 
succeeded in his endeavour, " so that," he writes, " for the last 
seventeen days I have been working as in a perpetual eclipse." 

T 2 
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The results of bis observations were commnnicated (Oct. 26, 1868) 
to tbe Frencb Academy in the following words : — 

'' La station de Guntoor a ete sans doute la plus favorisee : le 
ciel a cte beau, surtuut pendant la totality, et mes puissantes 
lunettes de pres de trois metres de foyer m'ont permis de 
suivre Tetude anaiytique de tous les ph^nomenes de T^^^lipse. 

'* Immediatement apres la totalite, deux magnifiques protu- 
berances ont apparu : Tune d'elles, de plus de trois minutes de 
hauteur, brillait dune splendeur qu*il est di£Scile d*imaginer. 
Uanalyse de sa lumiere m*a imm^diatement montr^ qu'elle ^tait 
fonnee par une immense colonne gazeuse incandescente, princi- 
palement composite de gaz hydrogene. 

" L'analyse des regions circumsolaires, ou M. Kirchhoff place 
Tatmosphcre solaire, n'a pas donn^ des r^ultats conformes in la 
th(5orie formul(5e par ce physicien illustre; ces r^ultats me 
paraissent devoir conduire 5. la connaissance de la veritable 
constitution du spectre solaire. 

" Mais le r^sultat le plus important de ces observations est la 
decouvert dune methode, dont le principe fut con9u pendant 
Teclipse meme, et qui permot Tetude des protuberances et des 
regions circumsolaires en tout temps, sans qu'il soit n(?cessiiirc 
de recourir a riuterposition d'un corps opaque devant le disque 
du soluil. Oette methode est fondde sur les propriety spectrales 
de la lumiere des protuberances, lumiere qui se rc^sout en un 
petit nombre de faLsccaux tres-lumineux, correspondant h, des 
raies obscures du spectre solaire. 

" Des le lendemain de TecHpse la mdthode fut appliquee 
^vec succes, et j'ai pu assistcr aux ph^nomenes pr6s(5ntes par une 
nouvelle eclipse qui a duree toute la joumee. Les protubiSrances 
de la veille 6taient profondement modifi^es. II restait k peine 
quelques traces de la grande protub<5rance et la distribution de 
la matiere gazeuse (5tait tout autre. 

"Depuis ce jour jusqu'au 4 septembre, j*ai constamment 
etudi6 le soleil k ce point de vu. J'ai dress6 des cartes des 
protuberances, qui montrent avec quelle rapidit(i (souvent en 
quelques minutes) ces immenses masses gazeuses se ddforment 
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et se d^placent. Enfin, pendant cette p^riode, qui a ^t^ comme 
Tine Eclipse de dix-sept jours, j'ai recueilli un grand nombre de 
faits, qui s oflFraient comme d'eux-memes, sur la constitution 
physique du soleil. 

" Je suis heureux d'oflfrir ces r^sultats k TAcademie et au 
Bureau des Longitudes, pour r^pondre k la confiance qui m'a &t6 
t^moign^e et k I'honneur qu'on m*a fait en me confiant cette 
importante mission." 

Mr. Lockyer soon afterwards extended his researches by 
showing the existence of a continuous layer round the sun, 
which exhibits bright lines. The following is the account of 
the discovery as described by himself : ^ 

" The author, after referring to his ineffectual attempts since 
1866 to observe the spectrum of the prominences with an 
instrument of small dispersive power, gave an account of the 
delays which had impeded the construction of a larger one 
(the funds for which were supplied by the Government Grant 
Committee early in 1867), in order that the coincidence in time 
between his results and those obtained by the Indian observers 
might not be misinterpreted. 

"Details are given of the observations made by the new 
instrument, which was received incomplete on the 16th of 
October. These observations include the discovery, and exact 
determination of the lines, of the prominence spectrum on the 
20th October, and of the fact that the prominences are merely 
local aggregations of a gaseous medium which entirely envelopes 
the sun. The term chromosphere is suggested for this envelope, 
in order to distinguish it from the cool-absorbing atmosphere on 
the one hand, and from the white light-giving photosphere on 
the other. The possibility of variations in the thickness of this 
envelope is suggested, and the phenomena presented by the star 
in corona are referred to. 

" It is stated that, under proper instrumental and atmospheric 
conditions, the spectrum of the chromosphere is always visible 

* Proc. Roy. Soc., xvii. p. 131. 
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in every part of the sun's periphery : its height, and the 
dimensions and shapes of several prominences, observed at 
different times, are given in the paper. One prominence, three 
minutes high, was observed on the 20th October. 

"Two of the lines correspond with Fraunhofer's C and F; 
another lies 8** or 9"* (of KirchhofiTs scale) from D towards E. 
There is another bright line, which occasionally makes its 
appearance near c, but slightly less refrangible than that line. 
It is remarked that the line near D has no corresponding line 
ordinarily visible in the solar spectrum. The author has been 
led by his observations to ascribe great variation of brilliancy to 
the lines. On the 5th of November a prominence was observed 
in which the action was evidently very intense; and on this 
occasion the light and colour of the line at F were most vivid. 
This was not observed all along the line visible in the field of 
view of the instrument, but only at certain parts of the line, 
which appeared to widen out. 

" The author points out that the line F invariably expands (that 
the band of light gets wider and wider) as the sun is approached, 
and that the c line and the D line do not ; and he enlarges 
upon the importance of this fact, taken in connection with the 
researches of Pliicker, Hittorf, and Frankland on the spectrum 
of hydrogen — stating at the same time that he is engaged in 
researches on gaseous spectra which, it is possible, will enable us 
to determine the temperature and pressure at the surfaces of the 
chromosphere, and to give a full explanation of the various 
colours of the prominences which have been observed at dif- 
ferent times. 

" The paper also refers to certain bright regions in the solar 
spectrum itself. 

"Evidence is adduced to show that possibly a chromosphere is, 
under certain conditions, a regular part of star economy ; and the 
outburst of the star in corona is especially dwelt upon." 

Another important step consisted in the invention of a method 
enabling us to see not only the bright lines of the prominences, 
but the actual form of the prominence. A large share of this 
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discovery is due to Dr. Huggins,^ as shown by the following 
abstracts from his papers : — 

"In the report of my Observatory at the last anniversary 
(p. 88 of the last volume), it is stated that ' during the last two 
years numerous observations have been made for the purpose of 
obtaining a view of the red prominences seen during a solar 
eclipse. If these bodies are gaseous, their spectra would consist 
of bright lines. With a powerful spectroscope, the light reflected 
from our atmosphere near the sun's edge would be greatly re- 
duced in intensity by the dispersion of the prisms, while the 
bright lines of the prominences, if such be present, would re- 
main but little diminished in brilliancy. This principle has been 
carried out by various forms of prismatic apparatus, and also by 
other contrivances, but hitherto without success.' The obser- 
vations of the eclipse of August last having shown the position 
in the spectrum of the bright lines of the red flames, Mr. Lockyer 
and M. Janssen succeeded independently, by a similar method, 
in viewing the spectra of these objects. 

" My object in this note is to describe one of the ' other con- 
trivances ' mentioned in the report. 

" The apparatus consisted of screens of coloured glasses and 
other absorptive media, by which I was able to isolate portions 
of the spectrum. It appeared highly probable, that if the parts 
of the spectrum which then alone remained were identical with 
those in which the bright lines of the flames occur these objects 
would become visible. 

" For this inquiry I obtained a great variety of coloured glasses 
and other absorptive media. I first examined them with a prism 
to learn the absorptive power which they exercised on different 
parts of the spectrum. I then combined them in various ways. 
These glasses were sometimes employed before the eye, but more 
frequently by projecting the image of the sun's edge upon a 
screen, after the light had been sifted by the coloured media. In 
making these experiments, means were taken that the whole of 
the sun's image should be got rid of, in order that the eye, kept 

1 Monthly Notices of the Roy. Art. Soc, Not. 13, 1868. 
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in comparative darkness, might be more sensitive to the greatly 
feebler illumination of the objects sought for. As I had no 
knowledge of the position in the spectrum of the bright lines, 
it would have been by accident only if I had succeeded in 
obtaining a view of the flames. 

" Now that the positions of these lines are known, this method 
appears to be very promising. Perhaps the light about the red 
line at c will be most easily isolated. I have a deep ruby glass 
which cuts off all the spectrum except the extreme red. I have 
since the observations only been able to make one attempt, when 
the state of the atmosphere was unfavourable. 

** It is obvious that by this method the form and appearance 
of these flames could be observed, and the objects measured 
with accuracy." 

A few months afterwards Dr. Huggins succeeded in obser\'ing 
the form of a solar prominence. He describes his method in 
the following words : ^ — 

"Last Saturday, February 13, 1869, 1 succeeded in seeing a 
solar prominence so as to distinguish its form. A spectroscope 
was used ; a narrow slit was inserted after the train of prisms 
iK'fore the object-glass of the little telescope. This slit limit^I 
the lit^ht entering the telescope to that of the refrangibility of 
the part of the si)ectrum immediately about the bright line 
coincident with c. The slit of the spectroscope was then widened 
sufficiently to admit the form of the prominence to be seen. 
The spectrum then berame so impure that the prominence could 
not bo distinguished. A great part of the light of the refrangi- 
bilities removed far from that of c was then absorbed by a piece 
of deej) ruby glass. The prominence was then distinctly seen." 

Finally Lockyer showed how to dispense with the red glass* 
as follows : — 

" For souKi time past I have been engaged in endeavouring to 
obtain a sight of the prominences, by using a very rapidly oscil- 
lating slit ; but although I believe this method will eventually 

* Tioc. Roy. Soc, xvii. p. 302. - Ibidem, p. 350. 
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succeed, the spectroscope I employ does not allow me to apply 
it under suflBciently good conditions, and I am not at present 
satisfied with the results I have obtained. 

" Hearing, however, from Mr. De la Rue, on February 27th, 
that Mr. Huggins had succeeded in anticipating me by using 
absorbing media and a wide slit (the description forwarded to 
me is short and vague), it immediately struck me, as possibly it 
had struck Mr. Huggins, that the wide slit is quite sufficient 
without any absorptive media ; and during the last few days I 
have been perfectly enchanted with the sight which my spectro- 
scope has revealed to me. The solar and atmospheric spectra 
being hidden, and the image of the wide slit alone visible, the 
telescope or slit is moved slowly, and the strange shadow-forms 
flit past. Here one is reminded, by the fleecy, infinitely delicate 
cloud films, of an English hedgerow with luxuriant elms; here, 
of a densely intertwined tropical forest, the intimately inter- 
woven branches threading in all directions, the prominences 
generally expanding as they mount upwards, and changing 
slowly, indeed almost imperceptibly. By this method, the 
smallest details of the prominences and of the chromosphere 
itself are rendered perfectly visible and easy of observation." 



APPENDIX D. 

RESULTS OF RECENT SOLAR ECLIPSE OBSERVATIONS. 

The following is a short account of the principal results 
obtained during the different total solar eclipses since the year 
1860 :— 

18th July, 1860. — The prominences were for the first time 
photographed by Mr. De la Rue at Rivabellosa in Spain. 

18th August, 1868. — During the eclipse, the spectroscope was 
employed for the first time and the spectrum of the prominences 
was found to consist of bright lines by various observers (Janssen, 
Rayet, Tennant, Pogson). 

7th August, 1869. — Pickering and Eastman saw the continuous 
spectrum of the corona; Eastman and Young independently 
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discovered the green line of the corona, and Young determined 
its position. 

22nd December, 1870. — Young noticed the momentary ap- 
pearance, at the beginning of totality, of a large number of bright 
lines at the sun's limb ; these lines corresponding in all prob- 
ability to the dark Fraunhofer lines seen under ordinary circum- 
stances. Brothers succeeded for the first time in obtaining a 
good photograph of the solar corona. 

12th December, 1871. — Janssen discovered the dark Fraun- 
hofer lines in the spectrum of the solar corona. Lockyer saw 
the hydrogen lines in the lower parts of the corona. 

Excellent photographs were obtained by Messrs. Waterhouse 
and Hennessey at Dodabetta, and by Mr H. Davis in Lockyer's 
party at Baikul. 

Lockyer and Resphighi observed the solar corona through a 
prism without lenses, and saw the image of the moon surrounded 
by bright rings corresponding to the hydrogen lines c and F^ 
and to the green line of the corona. 

16th April, 1874. — The numerous bright lines observed by 
Young at the beginning of totality in 1870 were seen again by 
Stone. The hydrogen lines were seen in the inner parts of the 
corona. The green line and Fraunhofer s dark lines being visible 
in the outer parts only. 

6th April, 1875. — The corona was photographed in Siam by 
Schuster with Lockyer's arrangement through a prism. The 
photographs confirmed some of the previously discovered facts, 
and, in addition, showed for the first time that the most intense 
radiation of the prominences lies in the extreme violet. 

28th July, 1878. — Certain streamers in the corona were traced 
to very great distances, as seen from Pike's Peak — no less than 
ten diameters, from the sun, and the continuity between the 
outer parts of the corona and the zodiacal light was for the 
first time suggested. 

18th May, 1882. — The first photograph of the spectrum of 
the corona was taken in Egypt by Schuster on Abney's plates. 
The violet radiation of the prominences was proved to be due to 
the presence of calcium. A large number of new lines in the 
spectrum of the corona and of the prominences wore discovered 
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APPENDIX E. 

PROFESSOR C. A. YOUNG'S INVESTIGATIONS ON CHROMOSPHERIC 

LINES. 

The method by means of which Lockyer observed the spectrum 
of the protuberances in daylight showed him also that bright 
lines can nearly always be seen round the entire limb of the 
sun. Tacchini has for many years carefully mapped the lines 
which appear in the upper regions of the chromosphere, but it 
is to Professor Young that we are indebted for a knowledge of 
the great number of lines visible in the lower regions, that is to 
say, close to the solar surface. To observe these lines, very 
perfect instrumental appliances are necessary, but even these are 
of no avail except under very favourable atmospheric conditions. 
During the summer, 1871, Professor Young observed 103 chromo- 
spheric lines, and this result seemed so promising that he took 
his telescopes during the following summer to Sherman, which 
is situated at an altitude of 8,300 feet. The clearer air at this 
station enabled him to add a considerable number of chromo- 
spheric lines and the following extract from his paper (American 
Journal of Science, vol. iii. 1872) contains the catalogue of lines 
thus observed : — 

cataiiogue of bright lines in the spectruh of the 

Chromosphere. 1872. 



No. 




n 

2 
3 

4 
5 
6 

7 
8 

n 

10 
11 



1- 
2- 
3- 

4 

5 

6 



534 0* 
654-3 
C.6941 
711-4 
718-7 
731-7 
7340 
740-9 
744-3 
750-1 
756 9 



7055- ? 
6676-9 
6561-8 
6515-6 
6496-0 
6461-7 
6453-8 
6438-1 
6429-9 
6415-6 
63990 



F. 


B. 


100 


12 


25 


50 


100 


100 


15 


4 


18 


5 


5 


2 


10 


6 


5 


2 


20 


4 


5 


2 


5 


2 



E. 



Fe. Ba(,) 
H. 

Ba. 
Ca. 

Ca. Cd. 



Fe. 
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No. 


P.O. 


K. 


A. 


F. 


B. 


E. 


12 




759-3 


6392 6 


5 


1 


Fe. 


13 




767-?* 


6373- 1 


5 


2 




14 


7 


768?* 


6371- 1 


5 


3 




15 




778-3 


6346-1 


10 


4 


Rutli. Ir. 


16t 


8 


823-5 


6245-4 


8 


5 


Fe. 


17j 


9 


827-6 


6237-3 


8 


2 




18 




830-2 


6231-5 


5 


1 


Fe. 


19 




836-5 


6218-3 


3 


1 


Ti. 


20 




839-2 


6214-1 


3 


1 


Ti. 


21 




845-7 


6199-6 


2 


2 


Fe. 


22 




849-7 


6190-5 


10 


2 


Fe. 


23 




859-7 


6168-3 


3 


1 


Ca. 


24 




863-9 


6161-2 


8 


3 


Ca, 


25 




/ 870-9 
■ 871-4 


6148-1 


3 


2 


Fe. E( J 


26 




6146-8 


3 


2 




27 


10 


874-3 


6140-6 


25 


10 


Ba. 


28 




/ 876-5 
\877 


6136-1 


2 


1 




29 




6135-6 


2 


1 


Fe. 


30 




884-9 


6121-2 


5 


3 


Ca. Co. 


31 




890-2 


6109 9 


2 


1 


Ba. 


32 




894-9 


6101-7 


3 


2 


Ca. LL Zn(J 


33 




9031 


6083-1 


3 


2 


Ti 


34 




912-1 


6064-5 


5 


2 


FcTi. 


35 




933-8 


6018-0 


2 


1 


Ba. 


36 




949-4 


5990-0 


10 


4 




37 




992-0 


5913-2 


2 


1 


Fe. 


38 


Hi 




Dil002-8 


5895 


50 


30 


Na. 


39 


12- 


• 


D^iooe-s 


58890 


60 


30 


Na. 


401 
41 + 


• 


• 


1011-2 


5883 


2 


1 


Fe. 


i3i 


• 


D3IOI6.5* 


5874-9 


100 


90 




42 




1031-8 


5852-7 


8 


2 


Ba, 


43 




11351 


5708-3 


1 


1 


Fe, 


44 




11511 


5687-2 


2 


1 


Na. • 


45 




1154-2 


5683-5 


5 


3 




46 




1155-8 


5681-5 


2 


1 


Na. Fe. N(J 


47 




1165-7 


5667-8 


2 


2 


SU 


48 




11670 


5666 


1 


1 




49 




11706 


5661-5 


15 


2 


Fe, Ti. E(J 


50 




11750 


5656-7 


8 


3 


SU N(J 


51 




1176-6 


5654-4 


2 


1 


Fe. 


52 




11871 


5640-2 


1 


1 


S(J 


53 




1189-3 


5637-3 


1 


1 




54 




1200 6 


5623-2 


2 


1 


Fe. 


55 




1207-3 


5614-5 


2 


1 


Fe. 


56 




1229 6 


5587-6 


2 


2 


Ca. 


57 




1231-3 


5585-5 


2 


1 


Fe. 


58 


14t 


1274-2 


55341 


50 


12 


Ba. Fe. Sr. 


59 


15 


1281-3 


5525-9 


40 


5 


Fe. 


60 






1287-5 


5518-7 


15 


2 


Ba. 
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No. 



61 

G2 

G3 

64 

65 

66 

67 

68 

69 

70 

71 

72t 

73 

74 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

93 

94 

95 

96 

97 

98 

99 

loot 

101 
102 
103 
104 
105 
106 
107 
108 
109 



P.O. 



K. 



F. 



I 



16 
17 



18 
19 
20 
21 

22 



23 

24 

25t 
26t 

27 

28 
29 

31t 



32 

33t 

34 

35 

36t 



12989 
1303-5 
1306-7 
13206 
1324-8 
1328-7 
1337 
1343-5 
13511 
1360 9 
1362-9 
1364-3 
13670 
13721 
1377-4 
1380-5 
1382-5 
1384-7 
1385-7 
1389-4 
1390 9 
1394-2 
1397-5 
1401-6 
1412-5 
1421-5 
1423-0 
1425-4 
1428-2 
1430-1 
14389 
1446-7 
1450-8 
1454-7 
1461-5 
1462-8 
1463-3 
1464 8 
1471-9* 
1473 9 
1476-8 
1497-3 
1505-3 
1515-5 
E, 1522-7 
E,1523-7 
1527-7 
1530-2 
1538-5* 



I 



5505 8 


2 


5500-5 


2 


5496-6 


2 


54802 


2 


5475-9 


1 


5472-3 


3 


5462-3 


1 


54547 


10 


5445-9 


10 


5435-4 


5 


5433 * 


2 


5431-8 


8 


5428-8 


8 


5424-5 


25 


5417-9 


5 


5414-5 


2 


5412-4 


4 


5410 


2 


5409-0 


2 


5404-8 


2 


5403-1 


5 


5399-6 


2 


5396-1 


4 


5392-2 


2 


5380-2 


3 


53705 


10 


53690 


1 


5366-5 


1 


53640 


1 


5361-9 


20 


5352-4 


4 


53450 


1 


5340-2 


1 


5335-9 


5 


5329-1 


6 


5327 1 


5 


5327 6 


5 


5325-1 


6 


53180 


1 


5315-9 


90 


53131 


3 


52920 


1 


5283-4 


20 


52750 


30 


5269-5 


15 


5268-5 


12 


5265-8 


10 


5263-3 


1 


5256-2 


2 



B. 



4 
4 
2 
2 
5 
3 
6 
2 
2 
2 
1 
2 
1 
3 
1 
2 
1 
2 
3 
1 
1 
1 

10 
2 
1 
2 
2 
4 
2 
2 
2 
1 

50 
1 
1 

10 

15 
4 
3 
4 
1 
1 



E. 



Fe. 
Fe.La. 

Fe. E( J 
Ti. Sr. 

Ni. 

Fe. N(,) 

Fe. 

Fe. Ti. Br( J 

Zn. Br( J 

Fe. 

Fe. Ti. 

Ba. TL S( J 

Ti. Mn. 

Fe. 
Mn() 
Fe. Ni. 

Cr. 

Fe. 
Fe. Ti. 

Mn. 
Fe. Ti. 
Fe.Ce. 

Ti. 

Fe. 

Fe. 

Fe. 

Fe. 

Fe. 
Fe. Co.Ce. 

Fe. Mn. 0(J 

Ti. Zn(J 

Fe. 
Fe. 



Fe.? 0(J? 

Cu. Br( J 

Ti(J 

Fe. Ca. 

Fe. 
Fe. Co. 

Ca. Br( J 
Sr. 
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110 

111 

112 

113 

114 

115 

116 

117 

118 

119 

120 

121 

122 

123 

124 

125 

126 

127 

128 

129 

130 

131 

132 

133 

134 

135 

136 

137 

138 

139 

140 

141 

142 

143 

144 

145 

146 

147 

148 

149 

150 

151 

152| 

153 

154 

155 

156$ 

157 

158 



37 

38 

39t 
40 

41 

42 



43 

44 
45 
46 
47 

48t 



49 • 

50 • 

51 • 
52- • 



53 

54 



K 



15419 
1547-7 
1551-6 
1561-0 
1564-2 
1567-5 
1569-6 
1575-4 
j 1577-4 
( 1578-1 
1580-1 
15891 
1590-7 
1592-3 
1597-9* 
1598-9 
1601-5 
1604-4 
1606-4 
1609-2 
1611-3 
16139 
16156 
1617-4 
16189 
1627-2 
1628-2 
16315 
bil634-l 
b,1648-8 
l)jl653-7 
b4l655-6 
1666-? 
1671-5 
1673-7 
1677-9 
1689-5 
1701-8 
1704-7 
1707-9 
1710-7 
1712-2 
1713-4 
1715-2 
1717-9 
17194 
1727-3 
1734-6 
1737-7 



52541 
5249-7 
5246-3 
5239 
52363 
5233-6 
5232-1 
5227 5 
5226-2 
52255 
52243 
52165 
5215-5 
5214-4 
5210-5 
52095 
5207-6 
5205-2 
52037 
5201-5 
5199-7 
5197-9 
6197-0 
51950 
5194-1 
5188-2 
5187-3 
5185-1 
51830 
51720 
5168-3 
5166-7 
6160- ? 
5154-8 
51D2-5 
51501 
5142-2 
51330 
5130 8 
51286 
5126-7 
6125-5 
6124-4 
5123-2 
6121-0 
6119-9 
5114-9 
5108-8 
5107-0 



F. 


R 


1 


2 


3 


1 


3 


1 


4 


2 


4 


2 


10 


8 


1 


3 


1 


1 


10 


3 


2 


3 


2 


2 


2 


1 


3 


2 


2 


1 


1 


1 


1 


2 


10 


6 


10 


6 


10 


6 


5 


3 


4 


2 


1 


1 


15 


10 


1 


1 


2 


2 


10 


5 


1 


1 


5 


2 


50 


30 


50 


35 


40 


30 


30 


20 


1 


1 


3 


1 


3 


1 


2 


2 




2 




1 




1 




1 




1 




2 




1 




1 




1 




1 




1 


2 


2 


1 


1 



£. 



Fe. Mn. 
Fe. Z^) Br( J 

Fe. 

Mn. Zn(J 

Fc 

Sr.t 

Fe. 
Sr. Br( J 

Ti. 

Fc 

Fe. 

Fe. 

TL 
Fe. Cr. 

Cr. Fe. 
Fe. 

S(JE(J 
Fe. 

Mn. 

Fe. 
Fe. Ca. 

Ti. 
Fe. TL 

Mg. 

Mg. 

Fe. NL Br(^) 

Fe. Mg. 

Na. 
Na.Cu.? 
Fe. Br( J 

S(J 
Fe. 
Fe. 
Ti. 
Fe. TL 

Fe, 
Fe. 
Fe. 
TL 
NL 

Fe. 
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No. 


P.O. 


K. 

1 


A. 

50981 


F. 


B. 


E. 


159 




1750-4 


1 


1 


Fe. 


160 




1752-8 


5096-5 


1 


1 


Fe. S(J 


161 




1765 0* 


6087-0 


2 


1 


E(J 


162 




1771-5 


50835 


1 


1 


ZnU 


163 


55 


1778-5 


5077-9 


1 


2 


Fe. 


164 




1823-6 


5047-8 


2 


2 


Fe.? Zn( J 


165 




1833-4 


5041-2 


2 


2 


Fe. Ca. 


166 




1834-3 


5040-1 


2 


2 


Fe. 


167 




1848-9 


50301 


4 


3 


S(J 


168 




1856-9 


50235 


3 


1 


S(J 


169 


56+ 

57t 


18671 


5017-6 


30 


15 


Fe. Ni. 


170 


18706 


50160 


30 


10 


Ti(J 


171 




19051 


4993-3 


2 


1 


Fe. lf( J 


172$ 




c. 19610 


4956-7 


1 


2 


Fe. 


173 


58+ 


19895 


4933-4 


30 


8 


Ba. 


174 


59' 


2001-6 


49231 


40 


12 


Fe. S(J Zn( J 


175 


60+ 


2003-2 


4921-3 


30 


8 


S(J 


176 


61 


2007-2 


4918-2 


20 


3 


Fe. 


177 




20160 


4911-2 


3 


2 


ZnO 


178 


62- 
63- 


2031-1 


4899-3 


30 


6 


Ba. La E(J 


179 


2052-5?* 


48829 


10 


4 


Ce. 


180 




2067-8 


4869 4 


5 


1 




181 


64t 


F 2080-0 


4860-6 


100 


80 


H. 


182 




2087-6 


4854-7 


5 


2 


Fe. Ni. E(J 


183 




2094-0 


4848-1 


3 


2 


Ca.O(J 


184 




2116-?* 


4826-5 


1 


1 




185 




2121-2 


4822-8 


10 


2 


Mn. 


186 




2142-4 


4804-4 


3 


1 


Ti. S(_) 0(J 


187 




2171-5 


4778-7 


3 


2 


Co. ^u 


188 




22291 


47308 


1 


1 


Fe. 


189J 




2251-3* 


47125 


2 


2 


Ce. OU 


190 




23095 


4666-3 


3 


1 


Fe. Ti. 


191 




2314-3 


46633 


2 


1 




192 




23230 


4656-0 


2 


1 


Ti. 


193 


65 


2358-4 


46290 


15 


8 


TL N( J 


194 




2359-5* 


4628-2 


2 


1 


Ce. 


195 




23697 


4620-3 


1 


1 




196 




2410-2 


4589-4 


1 


1 




197 




24128 


4587-6 


2 


2 




198 


66 


24193 


4583-2 


15 


6 




199 




2429 5 


4576-0 


4 


2 




200 


67 


2435-5 


4571-4 


10 


4 


Ti. 


201 


68 


24439 


4564-8 


10 


3 




202 


69 


2446 6 


4563-2 


10 


5 


Ti. 


203 




24521 


4559-5 


8 


2 




204 




24541 


4558-1 


8 


1 




205 


70 


2457-9 


4555-3 


10 


5 


Fe. Ti. 


206. 


71 


2461-2 


4553-4 


10 


5 


Ba. 


207 




2463-4 


4551-8 


1 


1 


Ti S(J 
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No. 


P.O. 
72 


K. 
2467-6 


A, 


F. 
10 


B. 


E. 


208 


4548-9 


8 


Ti. 


209 




2480 8 


4539-2 


2 


1 


Ce. 


210 


73 


2486-6 


4535 5 


2 


2 


Ti. Ca. 


211 


74 


2489 4 


4533-2 


5 


5 


Fe. 


212 




2490-5 


4532-1 


3 


2 


Ti. Ca. 


213 


76 


2502-2 


4524-4 


3 


2 


Ba.Fe. 


214 


77 


2505-6 


45220 


3 


3 


TLS(J 


215 




25170 


4514-0 


2 


1 




216 




2518-4 


45130 


1 


1 




217 




2527 


4506-0 


2 


1 




218 


78 


2537-1 


4500-3 


15 





Ti. 


219 


79 


2552-4 


4490-9 


20 


8 


Mn. 


220 


80 


2555 


4489-4 


15 


3 


Fe. Mn. 


221 


81 


2566-3 


4480-9 


5 


2 


Mg. 


222$ 


82t 


£2581-2 


4471-2 


100 


25 


Cct 


223 


83 


2585-4 


4468-5 


20 


5 


Ti. 0(J 


224 




2620-8 


4446-3 


1 


1 


TL 


225 


84 


2625-2 


4443-0 


10 


2 


Ti. 


226 




2633 


4436 7 


1 




Mn? 


227 




2639-6 


44335 


1 






228 




2651-5* 


44260 


2 






229 




2653-2 


4425-0 


2 


25 


Ca. 


230 




2664-9 


44180 


2 




0(J 


231 




2665-9 


4417-5 


3 


^ 


IL 


232 


85 


2670-0 


4414-7 


1 


X 


Fe. Mn. 0(J 


233 




2(580 


4407-7 


1 




Fe. Ca. 


234 




2686 8 


4404-2 


1 




Fe. 


235 




2696 


4398-5 


1 


1 


TL Ce. 0(J 


23(5 




2698-2 


4396 5 


1 






237 


87 


2702-5 


4394 6 


15 






238 




2715-2 


43885 


1 


1 


Fe? 


239 


88 


2718-5 


4384-7 


8 




Ca. Ce. 


240 




27202 


43835 


1 


^ 




241 


89 


2721-6 


4382-8 


1 




Fe. Cr. 


242 




27258 


4380-4 


1 






243 




27280 


43791 


1 




Ca. 


244 


90 


2733-7 


4375-5 


5 




Fe. 


245 


91 


2736-9 


4374-2 


8 




E(J 


246 




27620 


4359 1 


1 




c;. 


247 


92 


27757 


4351-8 


3 


1 


c. 


248 


93t 


2795-7 


4340-1 


100 


65 


H. 


249 




27980 


4338-2 


10 




Cr. 


250 




2805-4 


4335-1 


2 




La. 


251 




28-234 


43240 


1 






252 




2830 7 


4320-1 


1 




TL 0(J 


253 




28430 


4313-5 


1 




Ti. 


254 


94 


G.2854-2 


4307-2 


3 




Ca.Fe. 


255 


95 


2867-7 


4302-1 


3 




Ca. Fe. 


25(J 


96 


2874-2 


42980 


1 


1 


Ca. Fe. 
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No. 


P.C. 


K. 


A. 

4289-4 


F. 


B. 


! E. 

1 


257 


97 


2894-5 


1 


1 

1 


Cr. Ca. Ce( J 


258 


98 


29285 


4274-6 


2 


1 


Cr. Ca. 


259 


99 


8961-2 


4260-0 


2 


1 


Fe. 


260 


100 


2996 2 


4245-2 


30 


3 


Fe. 


261 




3018-0 


1 4235-5 


30 


5 


Fe. 


262 




3022-8 


4233-0 


15 


5 


Fe. Ca. 


263 


101 


30400 


• 4226-3 


3 


3 


Ca. Sr. 


264 


102 


3061-8 


4215-3 


40 


7 


Ca.Sr. 


265 




3155*5 • 


4178-8 


1 


1 




266 




3187-0 


4166-7 


1 


1 


Ca. 


267 


103t 


11.3363-5 


4101-2 


100 


50 


H. 


268 




34310 


4077-0 


25 


2 


Ca. 


269 




3526-0 


40450 


3 


2 


Fe. 


270 




3703-3 


3990- ? 


2 


1 




271 




3769-5 


3970- ? 


2 


1 


Fe. 


272{ 




Hi3778-5 


3967-9 


75 


3 


Fe.Ca. 


273 




H,3882-5 


3932-8 


50 


1 


Fe.Ca. 



Notes. 

1. The position assigned to this line, first observed by Bespighi (a fact of 
which I was ignorant when the Preliminary Catalogue was published), rests upon 
two series of micrometric measurements, referring it to four neighbouring dark 
lines — the probable error is about ^th of a division of EirchhofTs scale. 

9. No. 6 in P.C. Position there given, 743 ? 

16 and 17. Noe. 8 and 9 of P.C. Position ^ven as 816-8 and 827 6, by a 
mistake in identifying lines upon the map. 

40. I have never myself seen this line reversed. Professor Emerson, however, 
saw it several times. It was first reported by Rev. S. J. Perry, in "Nature," 
vol. iii p. 67. 

41. The position of this line has been independently determined by three series 
of micrometric comparisons with neighbouring lines. My result agrees exactly 
with that of Hu|;gins. 

72. Erroneously given in P.C. as 1363-1, which line does not reverse, or at 
least was never seen reversed at Sherman. 

100. The principal line in the spectrum of the corona. The corresponding 
line in the specti-um of iron is feeble, and on several occasions when the neigh- 
bouring lines of iron (1463, &c.) have been greatly disturbed, this has wholly 
failed to sympathise. Hence I have marked the Fe with a ?. Watts indicates a 
strong line of oxygen at 6315 A. 

152 and 156. Observed only on one day, but verified by Professor Emerson. 

172. Called "little C" by Mr. Stoney. 

179. Given by Lockyer as K 2054. Its position is a little uncertain ; it seems 
to coincide with neither of the dark lines at 2051 and 2054, but lies between 
them, a little nearer to 2051. 

189. Rather a band than a line. 

222. The position of this line, which, however, like 189, is rather a band, was 
determined by two series of careful micrometrical measurements. It was dis- 
covered by Rayet in January, 1869 ; since called "f" by Lorenzoni. 

272 and 278. These lines were both reversed (by a narrow bright stripe 
running down the centre of the broad hazy band) as constantly, whenever the 

U 
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st^iu^ ^ AS Roo^^t AS h or C itself. The observation was difficult, however, and 
rt'«]uiivd thu most scrupulous exclusion of foreign light, and a careful adjnst- 
iiicnt of tlie slit in the ]i1ane of the s'^lar image formed by these partifulnr rays. 
They Were also found to l>e regularly reversini upon the body of the auu itself, 
in till.' pt'.nHinbra and immrdiaU neiijhbourhood of every important ^pot. 

" In the cataloj^ue, the firfit column containR simply a reference number : 
a J refer8 to a note at the end of the catalo(;ue. 

"Tlie nunibers in the second column refer to the 'Preliminary Catalogue,' 
< ontaining 103 lines, which was jmblishGd a year ago in the American 
Journal of Science. In this column a f indicates that some other obMrver 
has anticipated me in the determination and publication of the line. As I 
have depended for my infonnation almost solely upon the Comptcis Rendua 
and the Proceedings of the Royal Society (which gave the observations of 
L.K'kyer, Jauiwen, Riiyet, and Secchi), it is quite possible that some other 
lines ought to be marked in the same manner. 

**The third c<ilumn, headed K, gives the positions of the lines on 
Kirchhoff's scale, the numbers above (1 being derived from Tlialen's con- 
tinuation of Kirolihoff's maps. In this column an asterisk denot^.^s that the 
map shows nr> corre««ponding dark line, a \ that the exact positic»n, not the 
existence, of the line is for some reason slightly uncertain. 

**The fourth column, headed A, gives the wave-length of the line in 

ten-nnlli«>nths of a millimetre, according to Angstrom's atlas. 

** The numbers in this an<l the preceding column were taken, not from 
the maps theniKdves, whi(*h present slight inaccuracies on account of the 
shrinking and swelling of the paper during the operation of printing, but 
from the numerical catalogues of Kiivhhoff and Angstriim whicn accompany 
their respective atlas<?8. In the Preliminary Catahigue the numbers were 
<l«Tived fniui the maps ; hence some slight discrepancies in the tenths of 
divisinn. 

"The fifth column, marked F, contains a rough estimate of the p'Tcent- 
nge of freriuenrT with whidi the lines were seen during the six weeks of 
observation ; and the sixth colunm, 15, a similar estimate of their maximum 
brightn<fss conipaifil with that of the hydr<»gen line C. 

"The variations of brilliance, however, when th<; chromosphere wn?* 
much <listurbed, were so considerable nnd so sudden, that no very great 
weight ran be assigned to the numbers given. Nor is it to be inferred that 
lines which have in the table the same index of brightness were always 
equally bright. On certain occasions one set of lines would be particularly 
cnnspicnous ; on f»thers, another. 

*' u ith two or three excej)tions, indicated in the notes, no lines have been 
catalogued which were not seen on at least two diffen-nt days. In the few 
cases where lines oliserved only an one occasion have been admitted to the 
list, the ob**eivations were at the time carefully verified bv mv assistant, 

l _L .. * • • 

Professor Emerson, so as to place their correctness beyond a doubt. Many 
other lines were 'glimpsed' at one time and another, but not seen steadily 
enough or long enough to admit of satisfactory determination. 

"The last column of the catalogue contains the symbols of the chemical 
elements corresponding to the resi»ective lines. The materials nt my dis- 
posal ai-e the ma])s of Kirchhoff an<l Angstrom. Thak^n's map of the p<»rtion 
of the S(»lar spectrum ab(»ve G, and Watts' * Index of Spectra.' Since the 
positions of the lines in the latter work are given only to the nearest unit 

of * Angstrom's scale,' I have marked the coincidences indicated by it with 
a (w), considering them less certain than tliose sliown by the maps!"* 
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APPENDIX F. 

SUNLIGHT AND THE EARTH'S ATMOSPHERE.^ 

We have been compared to creatures living at the bottom of 
the sea who frame their deceptive traditional notions of what 
the sun is like from the feeble changed rays which sift down to 
them. Though such creatures could not rise to the surface, they 
might swim up towards it, and if these rays grew hotter, brighter, 
and bluer as they ascended, it would be almost within the 
capacity of a fish's mind to guess that they are still brighter 
and bluer at the top. 

Since we children of the earth, while dwelling on it, are 
always at the bottom of a sea, though of another sort, the most 
direct method of proof I spoke of, is merely to go up as far as we 
can and observ'e what happens, though as we are men, and not 
fishes, something more may fairly be expected of our intelligence 
than of theirs. 

We will not only guess, but measure and reason, and in 
particular we will first, while still at the bottom of the 
mountain, draw the light and heat out into a spectrum, and 
analyse every part of it by some method that will enable us to 
explore the invisible as well as record the visible. Then we 
will ascend many miles into the air, meeting the rays on the 
way down, before the sifting process has done its whole work, 
and there analyse the light all over again, so as to be able to 
learn the diflFerent proportions in which the diflferent rays have 
been absorbed, and, by studying the action on each separate ray, 
to prove the state of things which must have existed before this 
sifting — this selective absorption — began. 

' Extracted from a lecture delivered at the Royal Institution, April 17, 1885, 
by Professor 8. P. Langlcy. Communicated by the author to " Nature. " 

U 2 
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It may seem at first that we cannot ascend far enough to do 
much gootl, since the surface of our aerial ocean is hundreds of 
miles overhead; but we must remember that the air grows 
thinner as we ascend, the lower atmosphere being so much 
denser, that about one-half tlie whole substance or mass of it Ues 
within the first four miles, which is a less height than the tops 
of some mountains. Every high mountain, however, will not 
do, for ours must not only be very high, but very steep, so that 
the station we choose at the bottom may be almost under the 
station We are afterwards to occupy at the top. 

Besides, we are not going to climb a lofty lonely summit like 
tourists to spend an hour, but to spend weeks ; so that we must 
have fire and shelter, and, above all, we must have dry air to get 
clear skies. First I thought of the Peak of TeneriflFe, but after- 
wards some point in the territories of the United States seemed 
preferable, particularly as the Government oflfered to give the 
Expedition, through the Signal Service, and under the direction 
of its head. General Hazen, material help in transportation and 
a military escort, if needed, anywhere in its own dominions. 
No summit in the eastern part of the United States rises much 
over 7,000 feet, and though the great Rocky Mountains reach 
double this, their tops are the home of fog and mist, so that the 
desired conditions, if met at all, could only be found on the 
other side of the Continent in Southern California, where the 
summits of the Sierra Nevadas rise precipitously out of the diy 
air of the great wastes in lonely peaks, which look eastward 
down from a height of nearly 15,000 feet upon the desert lands. 

This remote region was, at the time I speak of, almost un- 
explored, and its highest peak. Mount Whitney, had been but 
once or twice ascended, but was represented to be all we desired 
could we once climb it. As there was great doubt whether 
our apparatus, weighing several thousand pounds, could possibly 
be taken to the top, and we had to travel 3,000 miles even to get 
where the chief difficulties would begin, and make a desert 
journey of 150 miles after leaving the cars, it may be asked why 
we committed ourselves to such an immense journey to face 
such unknown risks of failure. The answer must be that 
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mountains of easy ascent and 15,000 feet high are not to be 
found at our doors, and that these risks were involved in the 
nature of our novel experiment, so that we started out from no 
love of mere adventure, but from necessity, much into the 
unknown. The liberality of a citizen of Pittsburgh, to whose 
encouragement the enterprise was due, had furnished the costly 
and delicate apparatus for the expedition, and that of the trans- 
continental railroads, enabled us to take this precious freight 
along in a private car, which carried a kitchen, a steward, a cook , 
and an ample larder besides. 

In this we crossed the entire continent from ocean to ocean, 
stopped at San Francisco for the military escort, went 300 miles 
south so as to get below the mountains, and then turned cast- 
ward again on to the desert, with the Sierras to the north of us, 
after a journey which would have been unalloyed pleasure except 
for the anticipation of what was coming as soon as we left our 
car. I do not indeed know that one feels the triumphs of 
civilisation over the opposing forces of Nature anywhere more 
than by the sharp contrasts which the marvellous luxury of 
recent railroad accommodation gives to the life of the desert. 
When one is in the centre of one of the great barren regions of 
the globe, and, after looking out from the windows of the flying 
train on its scorched wastes for lonely leagues of habitless deso- 
lation, turns to his well furnished dinner-table, and the fruit and 
ices of his dessert, he need not envy the heroes of Oriental story 
who were carried across dreadful solitudes in a single night on 
the backs of flying genii. Ours brought us over 3,000 miles to 
the Mojave desert. It was growing hotter and hotter when the 
train stopped in the midst of vast sandwastes a little after 
midnight. Roused from our sleep, we stepped on to the brown 
sand and saw our luxurious car roll away in the distance, 
experiencing a transition from the conditions of civilisation to 
those almost of barbarism, as sharp as could be well imagined. 
We commenced our slow toil northward with a thermometer at 
110"* in the shade, if any shade there be in the shadeless desert 
which seemed to be chiefly inhabited by rattlesnakes of an ashen 
grey colour, and a peculiarly venomous bite. There is no water 
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save at the rarest intervals, and the soil at a distance seems as 
though strewed with sheets of salt, which aids the delusive show 
of the mirage. These are, in fact, the ancient beds of dried-up 
salt lakes or dead seas, some of them being below the level of 
the ocean ; and such a one on our right, though only about 
twenty miles wide, has earned the name of "Death Valley," 
from the number of human beings who have perished in it 
Formerly an emigrant train, when emigrants crossed the con- 
tinent in caravans, had passed through the great Arizona deserts 
in safety until, after their half-year s journey, their eyes were 
gladdened by the snowy peaks of the Sierras looking delusively 
near. The gf>al of their long toil seemed before them ; only 
this one more valley lay between, and into this they descended, 
tliinking to cross it in a day — but they never crossed it. After- 
wards the long line of waggons was found with the skeletons of 
the animals in the harness, and by them those of men, women, 
and little children dead of thirst, and some relics of the tragedy 
remained at the time of our journey. I cite this as an indirect 
evidence of the phenomenal dryness of the region — a dryness 
which, so far, served our object, which was, in part, to get rid as 
much as possible of that water-vapour which is so well known to 
be a powerful absorber of the solar heat. 

Everything has an end, and so had that journey, which finally 
brought us to the goal of our long travel, at the foot of the 
highest peak of the Sierras, Mount Whitney, which rose above 
us in tremendous precipices, that looked hopelessly insurmount- 
able and wonderfully near. The whole savage mountain region 
in its slow rises from the west, and its descent to the desert 
l)lains in the cast, is more like the chain called the Apennines 
in the moon, than anything I know on the earth. The summits 
are jagged peaks like Alpine "needles," looking in the thin air 
so delusively near, that, coming on such a scene unprejmred, one 
would almost say thoy were large grey stones a few fields oft*, 
with an occasional little white patch on the top, that might be 
a handkercliief or a sheet of paper dropped there. But the 
t<*lescoi)e showed that the seeming stones were of the height of 
many Snowdons piled on one another, iind the white patches 
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of occasional snow-fields, looking how invitingly cool, from the 
torrid heat of the desert, where we were encamped by a little 
rivulet that ran down from some unseen ice-lake in that upper 
air. Here we pitched our tents and fell to work (for you 
remember we must have two stations, a low and a high one, to 
compare the results), and here we laboured three weeks in 
almost intolerable heat, the instruments having to be constantly 
swept clear of the red desert dust which the hot wind brought. 
Close by these tents a thermometer covered by a single sheet of 
glass, and surrounded by wool, rose to 237° in the sun, and 
sometimes in the tent, which was darkened for the study of 
separate rays, the heat was absolutely beyond human endurance. ^" 
Finally, our apparatus was taken apart and packed in small 
pieces on the backs of mules, who were to carry it by a ten days' 
journey through the mountains to the other side of the rocky 
wall which, though only ten or twelve miles distant, arose miles 
above our heads ; and, leaving these mule trains to go with the 
escort by this longer route, I started with a guide by a nearer 
way to those white gleams in the upper skies, that had daily 
tantalised us below in the desert with suggestions of delicious, 
unattainable cold. That desert sun had tanned our faces to a 
leather-like brown, and the change to the cooler air as we 
ascended was at first delightful. At an altitude of 5,000 feet we 
came to a wretched band of nearly naked savages, crouched 
around their camp-fire, and at 6,000 found the first scattered 
trees ; and here the feeble suggestion of a path stopped, and we 
descended a ravine to the bed of a mountain stream, up which 
we forced our way, cutting through the fallen trees with an axe, 
fighting for every foot of advance, and finally passing what 
seemed impassable. It was interesting to speculate as to the 
fate of our siderostat mirrors and other precious freight, now 
somewhere on a similar road, but quite useless. We were com- 
mitted now, and had to make the best of it — and, besides, I had 
begun to have my attention directed to a more personal subject. 
This was, that the colder it grew the more the sun burnt the.^ 
skin — quite literally burnt, I may say, so that by the end of the ^ 
third day my face and hands, case-hardened, as I thought, in the 
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desert, began to look as if they had been seared with red-hot 
irons, here in the cold where the thermometer had fallen to 
freezing at night ; and still as we ascended the paradoxical effect 
increased : the colder it grew about us, the hotter the sun blazed 
above. 

We have all heard probably of this curious effect of burning 
in the midst of cold, and some of us may have experienced it in 
the Alps, where it may be aided by reflection from the snow, 
which we did not have about us at any time except in scattered 
patches, but here by the end of the fourth day my face was 
scarcely recognisable, and it almost seemed as though sunbeams 
/ up here were different things, and contained something which \ 
' the air filters out before they reach us in our customary abodes. 
Radiation here is increased by the absence of water-vapour 
too, and on the whole this intimate personal experience fell 
in almost too well with our anticipations that the air is an 
even more elaborate trap to catch the sunbeams than had been 
surmised, and that this effect of selective absorption and 
radiation was intimately connected with that change of the 
primal energies and primal colour of the sun which we had 
climbe<l towards it to study. 

On the fourth day, after break-neck ascents and descents, we 
finally ascended by a ravine, down which leaped a cataract, till, 
at nightfall, we reached our upper camp, which was pitched by 
a little lake, one of the sources of the waterfall, at a height of 
about 12,000 feet, but where we seemed in the bottom of a 
valley, nearly surrounded as we were by an amphitheatre of 
rocky walls which rose perpendicularly to the height of Gibraltar 
from the sea, and cut off all view of the desert below or even 
of the peak above us. 

The air was wonderfully clear, so that the sun set in a 
yellow rather than an orange sky, \ihich was reflected in the 
little icc-rimnied lakes and from occasional snow-fields on the 
distant waste of lonely mountain summits on the west. 

The mule train, sent off before by another route, had not 
arrived when we got to the mountai!i camp, and we realised that 
we were far from the appliances of civilisation by our inability 
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to learn about our chief apparatus ; for here, without post or 
telegraph, we were as completely cut off from all knowledge 
of what might be goiug on with it in the next mountain ravine 
as a ship at sea is of the fate of a vessel that sailed before &om 
the same port. During the enforced idleness we ascended the 
peak, nearly 3,000 feet above us, with our lighter apparatus, 
leaving the question of the ultimate use of the heavy ones to be 
settled later. There seemed little prospect of carrying it up, as 
we climbed where the granite walls had been split by the earth- 
quakes, letting a stream of great rocks, like a stone river, flow 
down through the interstices by which we ascended, and, in 
fact, the heavier apparatus was not carried above the mountain 
camp. 

The view from the very summit was over numberless peaks 
on the west to an horizon fifty miles away, of unknown moun- 
tain-tops, for, with the exception of the vast ridge of Mount 
Tyndall, and one or two less conspicuous ones, these summits 
are not known to fame, and, wonderful as the view may be, 
all the charm of association with human interest which 

] we find in the mountain landscape of older lands is here 

' lacking. 

* It was impossible not to be impressed with the savage soli- 
tude of this desert of the upper air, and our remoteness from 
man and his works, but I turned to the study of the special 
things connected with my mission. Down far below the air 
seemed filled with reddish dust that looked like an ocean. This 
dust is really present everywhere (I have found it in the clear 
air of Etna), and though we do not realise its presence in looking 
up through it, to one who looks down on it, the dwellers on the 
earth seem indeed like creatures at the bottom of a troubled 
ocean. We had certainly risen towards the surface, for about 
us the air was of exquisite purity, and above us the sky was of 
such a deeg^violet blue, as I have never seen in Egypt or Sicily, 
and yet even~this was not absolutely pure, for separately in- 
visible, the existence of fine particles could yet be inferred from 
their action on the light near the sun's edge, so that even here 
we had not got absolutely above that dust shell which seems to 
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encircle our whole planet. But we certainly felt ourselves not 
only in an upper, but a cliflFerent region. We were on the 
ridge of the continent, and the winds which tore by had little in 
common with the air below, and were bearing past us (accord- 
ing to the geologists) dust which had once formed part of the 
soil of China, and been carried across the Pacific Ocean ; for 
here we were lifted into the great encircling currents of the 
globe, and, " near to the sun in lonely lands," were in the right 
conditions to study the differences between his rays at the 
surface and at the bottom of that turbid sea where we had left 
the rest of mankind. We descended the peak and hailed with 
joy the first arrival of our mule trains with the requisite 
apparatus at the mountain camp, and found that it had sufiered 
less than might be expected, considering the pathless character 
of the wilderness. We went to work to build piers and mount 
telescopes and sitlerostats, in the scene shown by the next 
illustnition on the screen, taken from a sketch of my own, where 
these rocks in the immediate foreground rise to thrice the height 
of St. Paul's. We suffered from cold (the ice fonning tlirte 
inches deep in the tents at night) and from mountain sickness, 
but we were too busy to pay much attention to bodily comfort, 
and worked with desperate energy to utilise the remaining 
autumn days, which were all too short. 

Here, as below, the sunlight entered a darkened tent, and 
was spread into a spectrum, which was explored throughout by 
the bolometer, measuring, on the same separate rays which we 
had studied below in the desert, all of which were different up 
here, all having grown stronger, but in very diflerent propor- 
tions. On the screen is the spectrum as seen in the desert, 
drawn on a convent ional scale, neither prismatic nor normal, 
but sucli that the intensity of the energy shall be the same in 
each part, as it is represented here by these equal perpendiculars 
in every (!( lour. Fix your attention on these three as types, and 
you will see better wliat we found on the mountain, and w^hat 
we inferred as to the state of things still higher up, at the 
surface of the aereal sea. 

You w^ill obtain, perhaj)S, a clearer idea, however, from the 
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fullowing statement, where I use, not the exact figures used in 
calculation, but round numbers, to illustrate the process em- 
ployed. I may premise that the visible spectrum extends from 
H (in tbe extreme blue) to A (in the deepest red), or from near 
40 (the ray of forty-one hundred thousandtlis of a millimetre 
in wave-length) to near 80. All below SO, to the right, is the 
invisible infra-red spectrum. 
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Now, the shaded curve above the spectrum represents the 
amount of energy in the sun's rays at the foot of the mountain, 
and was obtained in this way : — Fix your attention for a moment 
on any single part of the spectrum, for instance, that whose 
wave-length is 60. If the heat in this ray, as represented by 
the bolometer at the foot of the mounlAin, was (let us suppose) 
2°, on any arbitrary scale we draw a vertical line, 2 inches or 
2 feet high over that part of the spectrum. If the heat at 
another point, such as 40, were but a '", a line would be drawn 
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tlicre a quarter of an inch high, and so on, till these vertical 
lines mark out the shaded parts of the drawing, the gaps and 
depressions in whose outline correspond to the '*cold bands" 
already spoken of. Again, if on top of the mountain we mea- 
sure all these over once more, we shall find all are hotter, so 
that we must up there make all our lines higher, but in very 
different prajyortions. At GO, for instance, the heat (and light) 
may have grown from 2'' to 3*^, or increased one-half, while above 
40 the heat (and light) may have grown from i® to 1*, or 
increased five times. These mountain measurements give 
another spectrum, the energies in each part of which are defined 
by the middle dotted line, which we see indicates very much 
greater energy, whether heat or light, in the blue end than below. 
Next, the light or heat which would be observed at the surfoice 
of the atmosphere is found in this way. If the mountain top 
rises through one-half the absorbing mass of this terrestrial 
atmosphere (it does not quite do so, in fact), and by getting rid 
of that lower half, the ray 60 has grown in brightness from two 
to three, or half as much again ; in going up to the top it would 
gain half as much more, or become 4.V, while the ray near 40, 
which has already increased to five times what it was, would 
increase five times more, or to 25. Each separate ray increasing 
thus nearly in some geocentric progression (though the heat, 
as a whole, does not), you see how we are able, by repeating this 
process at every point, to build up our outer or highest curve, 
which represents the light and heat at the surface of the 
atmosphere. These have grown out of all proportion at the blue 
end, as you see by the outer dotted curve, and now we have 
attained, by actual measurement, that evidence which we sought, 
and by thus reproducing the spectrum outside the atmosphere, 
and then recombining the colours by like methods to those you 
have seen on the screen, we finally get the true colour of the 
sun, which tends, broadly speaking, to blue. 

It is so seLlom that the physical investigator meets any novel 
fact quite unawares, or finds anything except that in the field 
where he is seeking, that he must count it an unusual experi- 
ence to come unexpectedly on even the smallest discovery. 
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This experience I had on one of the last days of work on the 
spectrum on the mountain. I was engaged in exploring that 
great invisible heat region, still but so partially known, or, rather, 
I was mapping in that great "dark continent" of the spectrum, 
and by the aid of the exquisite sky and the new instrument (the 
bolometer) found I could carry the survey further than any had 
been before. I substituted the prism for the grating, and 
measured on in that unknown region till I had passed the 
Ultima Thule of previous travellers, and finally came to what 
seemed the very end of the invisible heat spectrum beyond what 
had previously been known. This was in itself a return for 
much trouble, and I was about rising from my task when it 
occurred to me to advance the bolometer still farther, and I 
shall not forget the surprise and emotion with which I found 
new and yet unrecognised regions below — a new invisible 
spectrum beyond the farthest limits of the old one. 

I will anticipate here by saying, that after we got down to 
lower earth again the explorations and mapping of this new 
region was continued. The amount of solar energy included in 
this new extension of the invisible region is much less than 
that of the visible spectrum, while its length upon the wave- 
length scale is equal to all that previously known, visible and 
invisible, as you will see better by this view, having the same 
thing on the normal as well as the prismatic scale. If it be 
asked which of these is correct, the answer is " both of them." 
Both rightly interpreted mean just the same thing, but in the 
lower one we can more conveniently compare the ground of the 
researches of others with these. These great gaps I was at 
firet in doubt about, but more recent researches at Alleghany 
make it probable that they are caused by absorption in our own 
atmosphere, and not in that of the sun. 

We would gladly have stayed longer, in spite of physical 
discomfort, but the formidable descent and the ensuing desert 
journey were before us, and certainly the reign of perpetual 
winter around us grew as hard to bear as the heats of the desert 
summer had been. On September 10 we sent our instru- 
ments and the escort back by the former route, and, ourselves, 
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unencumbered, started on the adventurous descent of the eastern 
precipices by a downward climb, which, if successful, would 
carry us to the plains in a single day. I at least shall never 
forget that day, nor the scenery of more than Alpine grandeur 
which we passed in our descent, after first climbing by frozen 
lakes in the northern shadow of the great peak, till we crossed 
the eastern ridges, through a door so narrow that only one could 
pass it at a time, by clinging with hands and feet as he swung 
round the shoulder of the rocks — to find that he had passed in 
a single minute from the view of winter to summer, the 
prospect of the snowy peaks behind shut out, and instantly 
exchanged for that below of the glowing valley and the little 
oasis, where the tents of the lower camp were still pitched, the 
tents themselves invisible, but the oasis looking like a green 
scarf dropped on tlie broacl floor of the desert. We went 
still downward by scenery unique in my recollection. This view 
of the ravine on the screen is little more than a memorandum 
made by one of the party in a few minutes' halt part-way down, 
as we followed the ice-stream between the tremendous walls of 
the defile which rose 2,000 feet, and between which we still 
descended, till, toward night, the ice-brook had grown into a 
mountain torrent, and, looking up the long vista of our day's 
descent, we saw it terminated by the Peak of Whitney, once 
more lonely in the fading light of the upper sky. 

This site, in some respects unequalled for a physical obser\*a- 
tory, is likely, I am glad to say, to be utilised, the President of 
the United States having, on the proper representation of its 
value to science, ordered the reservation for such purposes of 
an area of 100 square miles about and inclusive of Mount 
Whitney. 

There is little more to add about the journey back to civilisa- 
tion, where we began to gather the results of our observation, 
and to reduce them — to smelt, so to speak, the metal from the 
ore we had brought home — a slow but necessary process, which 
has occupied a large part of two years. 

The results sUited in the broadest way mean that the sun is 
blue — but mean a great deal more than that ; this blueness in 
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itself being perhaps a curious fact only, but in what it implies 
of practical moment. 

We deduce in connection with it a new value of the solar heat, 
so far altering the old estimates that we now find it capable of 
melting a shell of ice sixty yards thick annually over the whole 
earth, or, what may seem more intelligible on its practical bear- 
ings, of exerting over one horse-power for each square yard of 
the normally exposed surface. We have studied the distribution 
of this heat in a spectnim whose limits on the normal scale our 
explorations have carried to an extent of rather more than twice 
what was previously known, and we have found that the total 
loss by absorption from the atmosphere is nearly double what 
has been heretofore supposed. 

We have found it probable that the human race owes its 
existence and preservation even more to the heat-storing action 
of the atmosphere than has been believed. 

The direct determination of the effect of water-vapour in 
this did not come within our scope ; but that the importance of 
the blanketing action of our atmospheric constituents has been 
in no way overstated may be inferred when I add, that we have 
found by our experiments that if the planet were allowed to 
radiate freely into space without any protecting veil, its sunlit 
surface would probably fall, even in the tropics, below the tem- 
perature of freezing mercury. 

I will not go on enumerating the results of these investiga- 
tions, but they all flow from the fact, which they in turn confirm, 
that this apparently limpid sea above our heads, and about us, 
is carrying on a wonderfully intricate work on the sunbeam, and 
on the heat returned from the soil, picking out selected parts in 
hundreds of places, sorting out incessantly at a task which would 
keep the sorting demons of Maxwell busy, and as one result, 
changing the sunbeam on its way down to us in the way we 
have seen. 

I have alluded to the practical utilities of these researches, 
but practical or not, I hope we may feel that such facts as we 
have been considering about sunlight and the earth's atmosphere 
mav be stones useful in the future edifice of science, and that if 
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not in our own hands then in those of others, when our day is 
over, they may find the best justification for the trouble of their 
searches, in the fact that they prove of some use to man. 

May I add an expression of my personal gratification in the 
opportunity witli which you have honoured me of bringing 
these researches before the Royal Institution, and of my thanks 
for the kindness with which you have associated yourselves for 
an hour, in retrospect at least, with that climb toward the stars 
which we have made together, to find, from light in its fuhiess, 
what unsuspected agencies are at work to produce for us the 
light of common day. 
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In the last lecture I endeavoured to point out to you the 
principles upon which Professor KirchhoflF arrived at the remark- 
able conclusion that certain metals well known on earth are 
contained in the solar atmosphere. I have to-day to bring 
before you facta which are still more interesting, with regard to 
the chemical composition of the stars, comets, and nebulae ; and 
if in the former lectures I had to couple the names of two 
great German philosophers, I have to-day to bring before 
your notice the researches of three distinguished English men 

X 
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of science — Dr. Huggins, Dr. Miller, and Mr. Lockyer — ^to whom 
we are indebted for a great part of our knowledge of celestial 
chemistry. 

Although the moon and planets, shining by borrowed light^ 
do not reveal to the spectroscope the nature of the material of 
which they are composed, like the sun and stars, yet something 
may be learned by an examination of the spectra of these 
boclies. You will remember that some of the dark lines in the 
solar sixjctrum are caused by absorption in our own atmosphere : 
now if an atmosphere of a similar kind exist round the moon or 
planets, the atmospheric absorption lines must appear more 
intense in the light reflected from these luminaries than they 
do in the light which passes through our air alone. With 
regard to the moon, the observations of Dr. Huggins and 
Dr. Miller have been negative. No signs of a lunar atmosphere 
presented themselves. A still more delicate means of ascertain- 
ing whether the moon possesses an atmosphere was employed by 
Dr. Huggins. On January 4th, 1865, he observed the spectram 
of a star at the moment the dark edge of the moon passed over 
it. If an atmosphere existed in the moon, the obser\'er would 
see the starlight by refraction after the occultation had occurred — 
just as the setting sun is visible to us after it has actually dis* 
appeared Ik»1ow the horizon. The variously coloured rays are, 
however, differently refnuigiblo ; and if any appreciable amount 
of atmosphere existed round the moon, the red rays being lea.st 
so would die out soonest, and the siKJCtrum of the star would bi» 
seen progressively to diminish in intensity, beginning from the 
red end. Dr. Huggins observed nothing of this kind, all the 
rays of the stellar »j)ectnun disapj)earing simultaneously : an<l 
the conclusion must be drawn that the moon is devoid of anv 
appreciable atmo8j)luT0. 

As regartls planetary spectra we owe our principal information 
to Huggins in England and Vogel in Germany. Beginning 
with the briglitest i)lanets, Venus and Juj)iter, we learn that, in 
the case of tlie first of these, no intensifying of the atmospheric 
absorption lines could be observed by Huggins though Vi>j:fl 
thought that he could discover some evidence of this nature. 



Ult, 11.] 



FLAXETART SPSCTH.i. 



3or 



With Jupiter on the other hand the strengthening of some lines 
ia very decided, indicating the existence of an absorptive atmo- 
sphere, similar to our owd, round this planet. Vogel, moreover, 
has observed the presence of a hand, w.l. 6179, which is not 
known in the earth's atmosphere, and this tells us of some 
peculiar gaa or vapour which has not yet been identifieil. 
Photographs of the spectrum of Jupiter have not revealed any 
absorption Hues in the violet or ultra-violet due to the atmo- 
sphere or that planet, a negative result which also holds good in 
the cELse of all the other planets which have been thns examined, 
Observations on the Mars spectrum showed the existence of 
groups of lines in difi'ereut parts of the spectrum corresponding 
to telluric lines, and probably indicating the presence of aqueous 
vapour. 




In the case of the planet Mercury, which is, of course, always 
seen near the horizon, the difficulty of observation is consider- 
ably increased, so that no very certain reBults as to the existence 
of an atmosphere in this planet have as yet been obtained. 
Of the more distant planets Saturn appears, according to Vogel, 
to give much the same spectrum as Jupiter, but in its singular 
ring the characteristic red band is absent. The spectrum of 
Uranus is most remarkable ; its general appearance as drawn by 
Dr. Huggins is represented by Fig. 08, The naiTow spectrum 
placed above the broader one of the planet shows the relative 
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positions of the chief solax lines, and of the two strongest abeoip- 
tion bands produced by our atmosphere, viz. the group of lines a 
little more refrangible than D, and that midway between c and D. 
The numbers give the wave-lengths in millionths of a millimetre. 
Vogel has measured the position of these five strongest absorp- 
tion bands in the spectrum of Uranus and finds them to be 6180, 
5960, 5738,. 5425, and 4861, and these you will see agree fairly 
well with Huggins' map. The spectrum of ISeptune appears 
to be identical with that of Uranus. 

I must now pass on to the subject proper of this day's 
discourse, which is to consider the properties of the light from 
the fixed stars. The more we learn about this subject^ the 
more 1 think we must be surprised at the accuracy of the 
observing powers of those philosophers who have given us this 
information. By means of this instrument (made by Mr. 
Browning, and a facsimile of the one used by Dr. Huggins, 
Fig. 99) we have been placed in possession of facts respecting 
the composition of the atmospheres, and the physical constitutions 
of these stars, as accurate as the knowledge we possess concern- 
ing the composition of the solar atmosphere. It would be im- 
possible for me to give you, even if time permitted, an accurate 
description of the method employed by Dr. Huggins. (See 
Appendix A.) Suffice it to say, that at the end of his telescope 
he has placed this spectroscope, containing two prisms (A h) ; 
and that, by very accurate adjustment, he is able to bring the 
image of the star on the slit of his spectroscope (rf). You may 
imagine how difficult these observations are, when you remember 
that the light of the star emanates from a point — that is to say, 
the star has no sensible magnitude ; that the image of the star 
has to be kept steady upon a slit only the ^^ part of an inch in 
breadth ; and, moreover, that the effect of the earth's motion 
has to be coimteracted. When you add to this, that the amount 
of light which even the brightest stars give is excessively 
feeble, that this line of light must be still further weakened by 
being spread out by a cylindrical lens (a) into a band ; and when 
you remember that in our climate on a few only of those nights 
in which the stars appear to the naked eye to shine brilliantly, 
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Ija the air steady enough to prevent the dickering ami confusion 
f the spectra fata! to these estrem«ly delicate observations, I 
tiink you will easily understand how exceedingly difficult these 
researches must have been, and I am sure yon will acknowledge 
the debt of gratitude which the world owes to those gentlemen 
who, by devoted labours, have brought the subject to this 
interesting issue. 



f 




^H In order to get a knowledge of the chemical composition i]f 
^p&e stars, or to ascertain what chemical elements are present in 
them, it is necessary to use excessively delicate arrangements, 
by which not only the light from the star is allowed to pass 
through the prisms and to be received on the retina, but also 
that emitted by the various substances, the presence or absence 
of which in the steUar atmosphere it is desired to ascertain. 
These rays must pass together with the beam of starlight, or 
K^Mthcr over or under the starlight, into the eyepiece, through the 
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same prism, so that we may be able to compare the position of 
the dark lines in the stellar spectrum with that of the bright 
lines in the spectrum of the body under examination. For this 
purpose a very ingenious arrangement is attached to a part of 
the telescope-spectroscope. It consists of a movable mirror, 
(/, Fig. 99), placed above the slit of the spectroscope, by means 
of which the light of the spark passing from the metallic poles) 
held between metal holders, is reflected by the small prism (f), 
placed on the slit into the optical arrangement, and is received 
into the eye, the metal spectrum being ranged close above that 
derived from the star ; so that the coincidence or otherwise of 
the two sets of lines can be accurately observed. In this way 
alone is it possible to arrive at any trustworthy conclusion re- 
specting the composition of the stars, and the existence of 
certain metals in the stellar atmospheres. 

The. first result which we have to notice, then, is that the 
spectra of various stars dififer very widely indeed from one 
another. As I mentioned to you, Fraunhofer in the year 1814 
showed that the stellar spectra were not the same, and that they 
did not contain the same lines as the spectrum of the sun. I 
have here coloured drawings which will indicate to you, to 
begin with, the diflereDt nature of these stellar spectra: 
but these drawings do not pretend to give the exact positions of 
the various lines in the spectra, but only approximately to 
represent their general appearance. Here (see Nos. 1 and 
2 on the Chromolith. Plate facing this lecture), for example, 
is a picture of tlie two stars composing S Cygni, in each 
of which, as you see, the relative position of the lines is 
totally different; and moreover the arrangement of the lines 
here is quite different from that of the lines in the solar 
spectrum. 

Dr. Huggins specially describes the spectra of two particular 
stars, of which we have here an exact diagram (Fig. 100). The 
upper drawing represents the spectrum of Aldebaran, and the 
lower of Betelgeux, the star known as a in the constellation 
of Orion. This drawing is made on a similar plan to Kirch- 
hoffa* diagrams of the dark lines in the solar spectrum. The 
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longer lines represent the dark bands in the stellar spectmin, 
the shorter ones beneath represent the bright lines of the metals 
with which the star spectrum was compared, the symbols of the 
elements thus examined being added. In the first place, then, 
the result at which we have arrived is that the constitution of 
the starlight, although not identical with the light given off by 
the sun, is yet similar — that is to say, the light of a fixed star 
gives a continuous spectrum, interspersed by dark shadows 
or bauds; and hence the conclusion we come to is that the 
physical constitution of the fixed stars is similar to that of our 
sun, that their light also emanates from intensely white-hot 
matter, and passes through an atmosphere of absorbent vapours 
— in fact, that the stars are suns of different systems. We find, 
for instance, in these two particular stars to which I am now 
referring, the D line caused by sodium exists : the three lines 
which we know as b are produced by luminous vapour of mag- 
nesium. The lines of these substances exactly agree in position 
with the dark stellar lines ; hence both sodium and magnesium 
are present in the atmosphere of these far distant stars. We 
also find in Aldebaran that two hydrogen lines, C and F, are 
present ; but if we look at the spectrum of a Orionia, we find 
that the hydrogen lines c and F are wanting. Hence we come 
to the conclusion that hydrogen is present in the atmosphere of 
the sun and in that of Aldebaran, but that it is wanting in that 
of Betelgeux. And so I might show you that silver is not 
present in Aldebaran, nor seen in a Orionis, but that four bright 
lines of calcium, also seen in the sun's spectrum, are present in 
both stars. The lines observed in these two stars are at least 
seventy in number, and Huggins and Miller have found that in 
Aldebaran we have evidence of the presence of no loss than nine 
elements : namely (1) hydrogen, giving the lines c and F ; (2) 
the metal sodium, giving the double line D ; (3) magnesium, 
giving the lines b ; (4) calcium, giving four lines ; (5) iron, 
giving four lines, and E ; (6) bismuth, giving four lines (bismuth 
is not found in tl.e sun) ; (7) tellurium, four lines ; (8) antimony 
is also found, three lines ; and (9) mercury, four lines. Thus the 
clement tellurium, whose name implies a purely earthly origin, 
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is found in the star, although it does not exist in the sun, and is 
very rare on this earth. There are only two stars — Betelgeux, 
to which I have just referred, and another star called fi Fegasi 
— in which the hydrogen lines are wanting ; all the other stars 
contain hydrogen. 

We have, then, now arrived at a distinct understanding of the 
physical condition of the fixed stars : they consist of a white- 
hot nucleus, giving off a continuous spectrum, surrounded by an 
incandescent atmosphere, containing the absorbent vapours of 
the particular metals. These results are interesting, as bearing 
on Laplace's nebular tlieory, because they show that the visible 
universe is mainly composed of the same elementary consti- 
tuents, although certain of the stars differ from one another 
widely in their chemical constitution. 

The next question to which the attention of the observers 
was directed was the diflFerent character of the light produced by 
certain of the stars. It is well known that the stars are variously 
coloured : some shine with a bright white light, others with a 
yellow light, others with a blue light. Could spectrum analysis 
give any explanation of the variety of colours exhibited by these 
different stars ? This is proved to be possible, as I shall show 
you by reference to some diagrams from Huggins' drawings, for 
most of what I have to say to-day will be the result of his 
investigations. Here we have, in the first place, a spectrum of a 
white star, of the star which we all well know as Sirius. In 
this coloured drawing (No. 3 on the Chromolith. facing the 
beginning of this lecture) we find a representation of what Dr. 
Huggins observed in the spectrum of Sirius : you will notice 
that we have a continuous spectrum with dark lines, and we 
find that these dark lines or shadows are interspersed pretty 
generally throughout the length of the spectrum, so that, when 
aU the light enters the eye at once, it produces upon the retina 
the effect of white light. 

We next take an orange-coloured star, known as a Herculis, 
which is a double star. Here (Chromolith. No. 4) we have a 
totally different spectrum, and the lines which are most marked 
in this spectrum exist in the green, blue, and deep red. The 
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light is comparatively free from shadows in the yellow and orange 
portion: and hence, the light from the red, green, and blue 
portions of tliis star being weakened, the star shines with a 
yellow light. This, then, illustrates to us the explanation given 
by spectrum analysis of the cause of these differently coloured 
stars in the heavens. We have, however, yet to learn the nature 
of the substances which produce many of these dark bands 
in the stellar spectra, and cause the peculiar colour which the 
stars exhibit. 

Another very interesting and well-known astronomical fiict 
next attracts our attention, viz. the existence of certain twin or 
double stars. It appears that amongst these twin stars, which 
invariably differ in colour, the blue, green, and purple stars are 
faint telescopic stars, never found alone, but associated under the 
protection, as it were, of a brighter red or orange star. Does the 
same explanation which has been given of the variety of the 
differently coloured stars also apply to these double stars? 
We have here (No. 2 on the Chromolith.) a diagram of the 
combined spectra of the two double stars existing in fi Cygni — 
above, the orange star ; below, the blue star. This one is orange 
because there are so many dark lines in the blue and red, whibt 
there are none at all in the orange portion of the spectrum. 
In the blue star, on the other hand, we have a vast number 
of very fine lines existing in the red and in the orange, 
and a much smaller number existing in the blue: hence the 
light of this star produces upon the retina the effect of blue 
light. 

Padre Secchi ^ observing imder the clear skies of Rome has 
investigated the spectra of many hundred stars. He finds it 
possible to arrange all these stars in four groups, each charac- 
terized by a special form of spectrum. Group 1 contains the white 
stars, Sirius, a Lyrae, Vega, &c., whose spectra are especially 
characterized by four black lines, coincident with the bright 
lines of hydrogen. Group 2 consists of the yellow stars, having 
spectra intersected by numerous fine lines resembling those of 
our sun : in this group Secchi reckons Pollux, Capella, 7 Aquilsp, 

' Astronomisclie Nachiichten, .Tan. 28, 1869. 
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and our sun. The third gioup contains the red and orange stars, 
a Ononis, a Herculis, /9 Pegasi, &c., the spectra of which are 
divided into eight or ten parallel columnar clusters of alternate 
dark and bright bands, increasing in intensity towards the red. 
Group 4 is made up of the small red stars, whose spectra are 
distinguished by a succession of three bright zones, increasing 
in intensity towards the violet. Out of 316 stars examined, 
Secchi found that 164 belonged to the first type and 140 to 
the second, whilst the few remaining constituted the third and 
fourth classes. 

Considering the great difficulty of making observations on 
stellar spectra you will readily understand that the adoption of 
the photographic method of recording the position of the bright 
stellar lines has become a matter of the greatest consequence. 
We owe the working out of this method almost exclusively to 
Dr. Huggins, and the results of the application of photogi-aphy to 
the study of stellar spectra confirm in a remarkable manner the 
conclusions previously arrived at, viz. that the white stars give 
simpler spectra and, therefore, appear to be hotter than the red 
and yellow ones. Thus the spectrum of Arcturus, a red star, 
shows a great analogy with that of our sun, whilst those of 
the white stars like Lyra and Sirius are totally diflferent from 
the solar spectrum, being characterized by a few strong lines, 
apparently almost exclusively due to hydrogen. Fig. 101 re- 
presents the appearance of diflferent star spectra showing chiefly 
the hydrogen lines, as photographed by Dr. Huggins. 

Dr. Henry Draper, whose premature death science has to 
deplore, has also taken some valuable photographs of star spectra; 
Vogel has likewise classified stellar spectra but in a somewhat 
diflferent way ; wc may, however, remember that all such group- 
ings have an arbitrary character. 

A very interesting and remarkable observation was made in 
the month of May, 1866. All at once, in the constellation of the 
Northern Crown, a star, which was entirely or almost entirely 
unknown, and which was at any rate a star of very small size, 
suddenly blazed out and attained a magnitude almost equal to 
that of the largest stars seen in the heavens. The examination 
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of the spectnim of thu par- 
tiouUr star natuiallT excited 
the liveliest interest, and 
Haggins utd Miller were for- 
tunate enough to be able &> 
invenigate spectzQecopicalljat 
iT«iaent intervals this very le- 
markable pbenomenon, iind to 
their astonishment they Foaitd 
that the speotram of this star, 
'ff which I here show you a 
dii^ram (Chromohtfa. No. 6), 
differed altogether in its 
character from the ordinaiy 
stellar spectra, inasmuch as 
superposed on, or in addition 
to, the ordinary stellar spec- 
trum which you see exhibited 
here (viz., one consisting of 
dark Hoes upon a bright 
ground), there were in this 
particular star, bright lines. 
Now what do bright lines 
indicate ? They iudicate the 
presence of certain gaseous 
bodies ; and the result of tlie 
examination of the position of 
these particular bright lines 
showed them to be coincident 
with the bright lines produced 
by hydrogen. 

As this star made its appear- 
ance suddenly, so it soon gra- 
dually began to diminish in 
brilliancy, and at last died out, 
returning, as it were, to its 
original telescopic dimensions 
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of about the tentti magnitude. How was this Jimimition of tlie 
brightaessof tbe star to be explained? The cause of the diminu- 
tion was revealed to us by tbe spectroscope, inaamuch as these 
bright lines were found to dwindle and fade away, and it was 
observed after a lapse of twelve days, when the star had diminished 
in brilliancy from the second to the eighth magnitude, that these 
Taright lines became quite invisible. I had the good fortune tfl 
Bee through Br. Huggins' telescope the very spectnim tbe 
drawing of which is now cast upon the screen. The lines when 
I happened to see them had, however, nearly faded away, but 
they were still visible. The conclusion to which we must come 
■with regard to this violent outburst is that it was probably due 
to a rapid ignition of hydrogen, of a similar kind to, though 
enormously larger than, the sudden outbreaks of iucandescent 
gases Been in the red prominences of our sun.' 

Another point to which Dr. Hugglus directed his attention 
was the examination of those most interesting and singular 
ftstronomical phenomena, the nebuUe, The first nebula wliicli 
he examined with his spectrosccipe was one of that class 
of luminous bodies termed planetary nebulie. in the con- 
stellation Draco. On the 20th of August, 1864, Dr. Huggins 
turned his telescope on to this particular nebula. I am afraid I 
cannot give you any idea oi the delicacy of such observations, 

' Mr. Baxendeiri cnrefu] esUnifitea of \h» vatving briRhttifU of Ihis sUr 
(lluich. Vnx. KOT. 27, 1366) ted bim to conclude that the intensity of its light 
ou Anffiiat EOth, wbeu it readied its niDiniuin, wax ooly rigth part of uiat 
emitted at its maiinium on May 12lh. From the recent obserraliona of Lockyer 
and JonSBen (sec Lecture V.] kc leom that the red jirominfnres in tlie sun are 
also caased by clowing hydrogen, ao that ve have a new reason for belietini; thut 
tlw sun may beloug to the fatuily of variable Ktars. Tlie question at once 
suggoata itself to the mind. Could a simiSar coiiflagi'stion litirat nut in onr 
ayateml Of tbe e Heel b there can be so doubt. The intensity bt tbe sun's rays 
being inoreoseil nearly eiglit-h and red fold, our solid globe would be diBfii|iated in 
Tapour almost as anon as a drop of water in a furnace. The temperaliini in the 
sunlight would rise at once to that only atlainalile in the focus of the largest 
liuming-glasB, snd all life in oar planet would insUDtJv reose. In thus tpecu- 
lating on anch a yosaiblc termination to our terreBtrial hiHton, it mnot be well 
nndrratood tliat the probability of such an event ocuuiring ib undoubtedly in- 
finitely small, and that the researches of geologiatB do not Irod na lo sunpoae Ibat 
anr approach to such an occiinenec has ever taken place in former Reologic ages, 
altlimgli it U not irrational to inggest that certain geological indicslionB of 
axcalar varialiona of teirestrisl lemp«ratnre may have been produced by changes 
occurring in the heating jiower of the sun. 
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Those, however, of my audience wliu have seen such a planelary 
uebula through a telescope will know thai llie light which those 
bodies give off is less than that given off Ly perhaps even the 
smallest fixed star; and the difficulty of obtalniug a spectrum 
and of examining the nature of tlds liglit is, therefore, exceedingly 
great.' What, however, was Dr. Huggiiis' astonishment, on 
Itringing the image of this nebula on to the slit of his sjiectnr- 
scope, to observe that he no longer had to do with a class of 
bodies of the nature of stara ! — that instead of having a band of 
light intersected by dark lines indicating the physical con- 
stitution of the body to be that corresponding lo the sun and 
stars, he found tlie light from this nebula consisted simply oT 
three isolated bright lines, of which we havi? here (F" 
and in No. 7 of the Chroiuolith.) a very rough represents 




If the spectrum of this nebula had been continuous, : 
have been very difficult to see it. It was only because the li 
given off consisted of three bright lines that he was t 
examine this spectrum at all. You will have already anticipate! 
me in the conclusion that these most enrioua bodies do not 
consist of a white-hot nucleus, enveloped in an atmosphere, 
passing through which the light is absorbed, giving ua daric 
lines; but, on the contrary, that these nebulis are in (bR 

' Dr. Htiagins fcivea sa liUa of tbo extrenio faiiitneu of Ihc mora diiturt 
nebulie. " The liftbt of some of thoM viiitjla in ■ moilcriitely large inilninuM 
hu been eBtinmled to vary from iVrc to nh* of i^' "K'tt of ■ singia t-ftna 
Modle eanniniing IBS Ecuine of material per huiir, viewe^l at it diataue* nf ■ 
quarter of ■ mile : that is, lUoh a i:»nrni! a qaarler of a mile off ii 20,UOD tlun 
more brilliaiit ttutn tlic nebutn t " 
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that it really is nebulous 
?r with which we have here 

le into which I cannot enter. 
Herachel and of Rosse are 
and careful examination of 
19 especially to the late Lord 
very careful examination, by 
of these most siugular bodies. 
' greatest interest to examme 
by the other nebulre. I will 
onie of these nebulje, though 
ngs. The nebula in Aquarius 

>f this nebula gives you but a 
e telescope. I may also show 
ing a spiral furm. and whose 
it line. Dr. Huggins then 
er of the lines which these 

5S. The questions will occur 
e give similar spectra? and 
escope had certainly resolved 
points give gaseous spectra? 
ne specti-a of about seventy 
an be divided into two great 
-third of the whole number) 
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consists of the nebulse giving spectra of three bright hues siinilar 
to tliose which I have showa you, or else contaiuing only one ur 
two of these hrtght lines. "Of these seventy nebulas, abuul 
one-thiril belong to the cla^s of gaseous bodies: the light of llur 
ramaining nebula and clusters becomes spread out by the prism 
into a specfci-ura which is apparently continuous." To the clns* 
of nebulEB giving continuous spectra the well-knowu nebula in 
Andromeda belongs. This singularly shaped body is visible to 
the naked eye (Fig. 105), and is not unfrequently mistaken for & 
comet. It WHS observed as early as the year 1612. by Sia 




Marius. The spectrum of thia nebula, though apparently 
tinuous, possesses some curioiia characteristics, the whole of 
red and a portion of the orange being wanting, besides the 
brighter parti exhibiting an unequal and mottled appearance. 

It next becomes a most important point to ascertain the 
chemical nature of the three bright lines in the spectra of the 
gjiseous nebulie. Dr. Huggins 6nds that the brightest of the 
lines of the nebula coincides with the strongest of the lines 
which are peculiar to nitrogen, whibt the faintest of the lio»a 
was found to coincide with the green line (f) of lirdrogun. 
Tlie middle line of the three does not coincide with a line of 
known element. 
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The upper part of this drawing (Fig. 106) is intended to 
represent a portion of the sokr spectrum. Here you see the 
dork hue F, due to hydrogen, aud the lines formed by magnesiunii 
correspondiug with the letter i. Below are the linos eorresponding 
with some of the bright lines of hydrogen, barium, nitrogen, and 
uiaguesium, whilst between them are the three lines observed in 
these nehiils. 

There is but littli; doubt that thu presence of the line 
coincident with F, really proves the existence of hydrogen in 
this nebula ; but it is much more difficult to decide whether the 
coincidence of the green line with one component of the double 




itrogen line may not be purely accidental, for we should certainly 
«ipect both components to be present, if the line was due to the 
presence of nitrogen. 

I am almost afraid to take up your time in exhibiting to you 
many nf these diagrams ; still I must not omit to show you one 
of the well-known nebulae in the sword-liandle of Oirou (see 
Fig. 107), which was discovered by no less a personage than the 
astronomer Huyghens in 1656, I will read to you Sir John 
Herschel's description of this nebulii : "The general aspect of 
the less numerous and cirrous portion is simply nebulous and 
^solvable ; but the brighter portion imniediately adjacent t 
trapezium forming the square front of the head is shorn 
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with the eigbt€en-inch reflector broken up into masses, whose 
mottled and curdling light evidently indicates, by a sort of 
granular texture, its consiating of stars, and when eiamined 
under the great light of Lord Rouse's reflector, or the exquisite 
defining power of the grent achromatic at Cambridge, U.S., ia 
evidently perceived to consist of cinsteriug fltars. There can 
therefore be little doubt as to the whole consisting of stars too 
minute to be discerned individually, evea with those powerful 
aids, but which become visible as points of light wheo closely 
adjacent in the more crowded parts." 




It becomes a matter of the greatest interest to learn the 
conclusions to which the spectroscope leads us, concerning the 
nature of these resolvable portions of this nebula. Here yon 
have Dr. Huggins' own words on this important subject: "The 
results of telescopic obserx'ution on this nebula seem to sho* 
that it is suitable for observation as a crucial tost of tho correct- 
ness of the usually received opinion, that the resolution of » 
nebula into bright stellar points is a certain and trustworthy 
indication that the nebula consists of discrete stars after the 
order of those which ai-e bright to us. Would the brighter 
portions of the nebula adjacent to the trapezium, which havs 
been resolved into stars, present the same spectrum as the 
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The true nature of comets is involved in even greater obscurity 
than that of the nebulae. Dr. Huggins has examined some of these 
singular bodies. Brorsen's comet, for instance, is a recurring comet, 
having a period of rotation of five and half years, and its spectnim 
consisted in 1868 of three bright bands, the central one of which 
lay between F and b, and in addition a very faint continuous 
spectrum was seen. These observations settled the physical 
character of the comet : it consists of a mass of glowing gas, and 
is self-luminous, a portion only feebly reflecting the sunlight 
From the drawing (Fig. 109) it will be seen that the light from 
Brorsen 8 comet differs from the light emitted by the nebulse, 
inasmuch as the lines in the comet spectrum are not identical 
in position with the lines yielded by the nebulae. Nor, in &ct, 
are these particular lines — roughly represented here — identical in 
position with the bands of any known substance. (See Fig. 109.) 
At the bottom of the diagram the lines of the nebulae are given ; 
next we have the spark spectra of nitrogen, hydrogen, magnesium, 
and sodium ; at the top we see the solar lines ; and between 
these lie the particular lines of the comet ; hence this comet 
contains something not found in the nebulae, whose lines do not 
coincide with any substance known on earth, so far as examina- 
tion has yet proceeded ; and, therefore, we really do not yet know 
of what this comet consists. These observations, I am sure you 
will all admit, open out to us subjects of the deepest interest. 

Dr. Huggins has also published an account of his observations 
on the second comet of 1868, known as Winnecke's cornet^ a 
drawing of which is seen in Fig. 110. Spectroscopic investigatioii 
has shown that this comet contaius luminous carbon, or carixm 
compounds : its spectnun, together with that of Brorsen's comet, 
is seen in Fig. 109. This gives that mo<iification of the carbon 
spectrum which we obtain when the electric spark is passed 
through defiant gas, the coincidence of the bright lines of 
Winnecke's comet with those of the spark taken in olefiant gM 
being clearly seen. In order to obtain an exact comparison of 
the lines of the comet with those of incandescent olefiant gas, 
the arrangement shown in Fig. Ill was employed. This consists 
of a glass bottle, a, converted into a gasholder containing the 
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oleGanl gas. This was connected with the glass tube h, through 

Iich the gas passed, auJ into which two platdnum wires, e and 
had been soldered. This tube being then placed before the 
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mirror of the spectroscope (c, Fig. flO) the light of the spark. 
].assing through the gas in the tube by means of the wires, was 
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roflecte<l into the instrument d, and its spectrum was 
iinraediatelj below that of the comet. The twg set* of ham 
were not only found to agree premely in poeJCign, but the 




corresponded in their general clmracters. and in their 
brightneas. Hence we can scam'ly doiil)i that curbon 
the panse of these bright lines. 
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We know now that this spectrum is due to the element carbon 
and not to any of its compounds, but in what way the carbon 
is rendered luminous is doubtful. An electric discharge through 
hydrocarbons partially dissociates these compounds, and shows 
a carbon spectrum, and hence many astronomers now believe 
that an electric discharge is the cause of the luminosity of 
, comets. When hydrocarbons hum in air or oxygen, the same 
lectrum is also seen, the element carbon being apparently 

minous while it passes from combination with hydrogen, into 
^at with oxygen. 




A number of other comets have since been foimd also to 
give the caibon spectrum, as for instance Encke's comet 
examined by Young in 1871 ; and Coggia's comet examined by 
Huggins in 1874. Different and very interesting results were 
obtained by the spectroscopic examination of the Comet I, 1882 
(Weils). The three ordinary comet bauds were fajnt. but as the 
comet approached the snn, and became, therefore, brighter, the 
illow sodium Unes became visible, and gradually increased in 
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intensity, the carbon bands disappearing. Uofortuiialely we 
Q observations of the npectraro of tbis comet during ita 
3 from the sun. Dr. Huggins obtained a photograph of 
the comet spectrum between the lines F and o, about the time at 
wliicli ils spectrum was found to change. Fig. 1 ISreprea^nts tb^ 




lines appearing on the photograph between the above-meutionttl 
points. Tlie wave-lengths of the bands, which are not as yet 
identified, were found hy Dr. lltiggins to be as follows: 4769, 
4034,4507,4*12,42-53. ' 




Kig. U3 is a dmwing from a photograpli, also taken by Dr. 
Huggina. of the spectrum of another comet (Comet II, 1881). 
rk Fraunhofer lineL 



spectrum 



tplac 



proving that part of the light, sent out by the comet, was nietti 
reflected sunlight. But iii addition, bright lines appc 
which proved to be identical with certain bands seen whoi 
electric spark pa,isos through cj-anogen gas. 
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I have still to 8peak of auother result obtained by Dr. 
HuggiDS. Not only are we in a position to determine the 
constitution of the stars and of the nebulae, but, strange as it 
may appear, we can actually, by spectroscopic observations, get 
some ideas respecting the relative motions of these bodies and 
our earth. It is impossible in the time at my disposal to explain to 
you the mode in which philosophers or physicists have arrived at 
the truth of the conclusion, originally propounded by Doppler in 
1841, that, when one luminous body is approaching another very 
rapidly, the kind of light which is received on the retina from 
that body moving at a very great speed diJQFers in some respects 
from the light which the retina would receive were that body 
at rest. An illustration from sound may perhaps render this 
matter more plain. If in a railway train you Usten to the 
whistle of the engine of another train which is meeting you, you 
will notice that as the two trains approach the pitch of the note 
of the whistle alters.^ This is because (owing to the sound being 
produced by the vibration of the particles of the air), when the 
two trains are approaching each other, the waves of sound are, 
as it were, forced together and fall more rapidly upon the ear 
than they would do if the two trains were in a state of rest. 
The same thing happens with regard to light. If the one object 
which is luminous is approaching the retina very rapidly, the 
vibrations causing light will fall more frequently on the retina 
than if the bodies were at rest ; and then the position of the 
dark lines will be shifted in the direction of the most refrangible 
rays ; whilst, if the bodies were separating, the shifting would 
take place in the direction of the red or least refrangible rays. 
Dr. Uuggins has actually found that in some of these stars 
there is a slight disturbance in the position of the hydrogen line 
F : he first proved that it is really hydrogen which is present, 
and then he showed that there is a slight deviation observed 
between the hydrogen line and the line existing in the star ; 
and hence he comes to the conclusion that there is motion of 
recession between the earth and what we call a *' fixed star." 

* An exact experiment of this kind was made in 1845 by Ballot o\ Utrecht, 
in which the alteration of tone for a given velocity was determined. 
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Here you see a diagram (Fig. Hi) sliowiog tbe slight devid 
which the line F exhibits in Sinus' light. Yoii observe that tbc 
narrow line of hydrogen from the vacuum-tube ili>e3 not coincide 
with the middle of the Sirius F Une, but crosses it at a distance 
from the middle, which may be represented by saying that the 
want of coincidence is apparently equal to about one-tiiird ur 
one-fourth of the interval separatiog the two d lines. Henu: 
the F line has been distinctly deviated towards the red rays, and 
the vibratioDS proceeding from tbe star must have been retarded 
in their passage ; or, in other words, tijere is a motion lA 
recession between our earth and Sirius of such a nature tbat the 
wave-length of the F ray has been increased by the O'lOQ 
milliontli part of a millimetre. The velocity of this receasion 



can easily be calculated. Light travels at the rate of 185,000 
miles per second ; the wa^'e-length of the F Hue is 48fi'S 
miUiouths of a millimetre : now the velocity with which the two 
bodies move away from each other stands to tbe velocity of 
light in the same proportion as the observed difference of wave- 
length does to the wave-length of the particular ray ; or — 

486-5 : 0109 : : 185000 : to = 41-4. 

Hence we conclude that this motion of recession between ihi) 
earth and the star Sirius is 41'4 miles per second, or that if die 
earth were stationary, instead of moving in its orbit, as it HA 
at the time of the experiment, away from Sirius, there would be 
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a proper motion of recession of the star of twenty-nine miles 
per second. 

Astronomers have, as you are aware, long ago shown by 
telescopic observation that the whole of our solar system is 
moving in space in the direction of the constellation Hercules. 
Such observations can, however, only be made when the motion 
to be noticed is at right-angles to the line of vision, whilst the 
deductions which I have just described as being made with the 
spectroscope can only be arrived at when the motion is in the 
direction of the line of vision. We see, therefore, that by a 
happy combination of these two methods we are enabled to 
ascertain the actual rate of motion of the stars in space. Before 
we can, however, attain an exact knowledge of these motions, 
the delicacy of our spectroscopes must be much improved. This 
has already been partially accomplished by Zollner in his 
reversing spectroscope, by means of which a displacement equal 
to the ^hf pc^ o{ the distance between the D lines can be seen. 
With this instrument Zollner was not only able to measure 
the proper motion of the stars, but he has even rendered visible 
the shifting in the Fraunhofer s lines which must occur from 
the rotation of the sun on its axis, and thus he was able to dis- 
tinguish between those which are really solar lines and those 
caused by absorption in our own atmosphere, which naturally 
cannot exhibit a shifting in position from the motion of the sun 
on its axis. The amount of deviation for a point on the solar 
equator as observed in this way by Dr. Vogel was found to vary 
from 0*014 to 0015 millionth of a millimetre, corresponding to 
a velocity of from 035 to 42 geographical mile in the second, 
the generally accepted velocity being 0*27 mile.^ 

Dr. Huggins, in 1872,* communicated to the Royal Society 
some further observations made with a new and magnifi- 
cent instrument upon this most interesting subject. He finds 
not only that his previous conclusions respecting the proper 
motion of Sirius are confirmed, but by his improved and more 
delicate methods of measurement he has succeeded in ascertain- 
ing that many other so-called fixed stars are in fact moving, 

^ Phil. Mag. Jan. 1872. ^ June 13, 1872. 
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some towards and some away from our planet Thus Sinus, 
Betelgeux, Rigel, Castor, Regulus, B UrsaB Major, and others 
which are situated in a part of the heavens opposite to Hercules, 
towards which the sun is advancing, are moving from the earth, 
whilst stars such as Arcturus, Vega, and a Cygni, situated in the 
neighbourhood of this region, show a motion of approach. These 
drifting motions of certain stars had previously been considered 
by Mr. Procter ; and now spectroscopic investigation shows that 
such drifting towards and away from our system does really 
occur. One of the most remarkable instances pointed out by 
Mr. Procter is that four stars (J3, 7, S, and e) of the Great Bear 
have a community (»f proper motions, whilst a and 17 of the same 
constellation have a proper motion in the opposite direction. 
Now spectroscopic analysis shows that the stars j3, y, B, e, and 
^ have a common motion of recession, whilst the star a is seen 
to be approaching the earth. 

This subject has more recently been taken up at Greenwich 
and now forms part of the regular work of the Observatory, and 
the results of the Greenwich observations on this question 
may be found in the monthly notices of the Royal Astronomical 
Society. 

In the last lecture we learnt that the solar atmosphere, and 
especially the outlying portion, chiefly consisting of hydrogen gas, 
is constantly most violently agitated by storms of white-hot 
calcium and hydrogen, which blow with such fierceness, that, 
compared with these, our most destructive tornadoes are mere 
summer breezes. We saw also that these storms give rise to the 
peculiar appearances which we observe on the solar surface, viz. 
the sun-spots and the faculae. Lockyer has determined the 
velocity with which the glowing hydrogen rushes forwards or 
backwards in these storms by observing the peculiar alterations 
in breadth and position which the F line exhibits. These alter- 
ations in refrangibility can only be seen when the motion is one 
of approach to or of recession from the observer's eye ; and hence 
upon the sun's disc we can only observe an upward or downwaid 
motion, whilst in the chromosphere or on the sun's limb we may 
obtain evidence of lateral or cyclonic movements, although we 
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caDDOt there see any upward or downward currents. Now, in 
looking at the sun's surface through his spectroscope, Lockyer 
saw the line F sometimes appear as a dark line, and sometimes 
flash out as a bright line on a darker ground. In the former 
case the f line is seen to be hent and in several places shifted 
towards the red end of the spectrum, whibt at other points a 
displacement towards the violet end is noticed. Sometimes the 
line disappears altogether, and before it vanishes it is seen to 
snell or bulge out, or to terminate in a knotty bulbous form. 
Then it again becomes invisible as the slit passes over the 
faculee, especially when they are near some small spots, and 
again is seen to swell out several times in the course of a few 
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seconds, then to shift towards the violet, and lastly to appear 
as a straight bright line, without any thickening, over a small 
spot. 

These variations in the position and darkness or luminosity 
of the F line are attempted to be represented in Fig. 115, giving 
the appearance of a spot-spectrum : the dark horizontal lines 
show that a general absorption occurs where the spots are 
darkest. In the neighbourhood of one of these spots a facnla is 
situated ; and there the F line is seen to be bright and bulbous. 

The other Fraunhofer's lines are, as you see, represented by 
vertical lines in the drawing (Fig. 115). These serve, according 
to Lockyer, as milestones' by which to measure the velocity 
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Upwards or downwards, with wUich tLese eruptive ] 
hydrogen are moving, for these shiftiDgs and twistings of ^ 
line are of course nothiog elae thuD rapid olteratiooa i 
wave-length of the F rays. 

If, therefore, a shifting towards the violet is ohserved equal U 
the y^j^r^'jpppf part of a millimetre (see No. 1, Fig. 116), this shows 
that the incandescent hydrogen is ruling upwards with a 
velocity of thirty-eight milea per second ; whilst a like deviatioD 
towards the red, as in No. 3 in the figure, proves that a down- 
ward current is blowing with an equal velocity. Sometimes the 
bright line is seen at the violet side of its normal position, whibt 
a dark line is found shifted towards the red : this proves that an 
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upward rush of intensely-heated incandescent hydrogen i 
on the one side, and a downward rush of cool absorbing j 
the other. 

Fig. 117 represents an observation by Professor C. A. Young, 
in which two red-lines are seen displaced towards the violet in 
the neighbourhood of a sun-spot. 

The lateral motions near the limb are observed by means nf 
the shifting of the bright lines in the spectrum of the chromo- 
sphere. The velocity of these cyclones is almost incredible. 
Lockyer observed such a circular storm on the 14th March, 1S6!) 
(No. 2, Fig. 116). The slit of his spectroscope was about tJ, of 
an inch in width ; and as the diameter of the image of the sun 
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rtast by his telescope waa only 004 of an inch, lie could observe 
a strip on the sun's surface some 1,800 miles wide. 

If we now assume that the solar circular storm spreads over 
^a width of 1,500 miles and is moving at a fearful rate, we must 
e able by help of the spectroscope to distinguish between those 
ortions which move towards us and those portions which are 
iboving in the opposite direction. The drawing (Fig. 116) shows 
lat this is indeeil the case. When the slit was placed upon 
^e centre of this cyclone, the bright line which, in fact, is a 
jontimiatioD of the dark F line, was seen to be shifted to a 
lance which corresponds to a velocity of forty miles per 
X>Dd. When the slit was directed towanls the edge of the 
lorm, it was clear that on the one side the current wns moving 




wards us, and on the other aide away Irom us, because the 
leviatioD in the first case was towards the violet, and in the 
second towards the red end of the apectnim, The great rapidity 
with which the prominences appear and disappear shows that 
the hydrogen gas of which these flames are composed is often 
in a stale of the moat violent eruptian. From the observation 
of the F line in a prominence on May 12, 180!), the fulluwing 
conclusions were drawn: (1) a portion of this flame was in a 
position of rest as regards us, as is seen from the fact that near 
the photosphere the bright P line was exactly coincident with 
, the ordinary dark line F of the solar specfnim ; (2) the bright 

mtinuatiun of this line being displaced in a ahmting direction 
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towards the violet end of the spectrum shows that a portion of 
the hydrogen was moving towards the earth, bat with different 
velocities, the upper layers moving more rapidly than the lower 
portions. Lockyer on this occasion saw the F line triple, and 
the greatest lateral displacement of the line corresponded to the 
enormous velocity of 120 miles per second ! A still more striking 
instance of the almost incredible velocities which occur in the 
movements in the solar atmosphere was observed by Professor 
Young of Dartmouth College on 7th Sept. 1871. At noon on 
that day he noticed an enormous protuberance of hydrogen 
cloud on the eastern limb of the sun. It had remained with 
little change since the noon of the preceding day. It was made 
up mostly of filaments nearly horizontal with its lower 8ur£ftce 
at a height of some 15,000 miles ; but was connected with the 
layer of red hydrogen by three or four vertical columns, brighter 
and more active tlian the rest. Returning to the telescope half 
an hour later. Professor Young found, in place of the quiet 
cloud a mass of detached vertical masses rapidly ascending. 
Some of them had already reached a height of 100,000 miles, 
and they continued to rise, with a motion almost perceptible to 
the eye, until in ten minutes the uppermost were more than 
200,000 miles above the solar surface ; the velocity of ascent 
was therefore 166 miles per second ! 

These spectroscopic results become, if possible, still more 
interesting when they are combined with telescopic observations. 
On April 21, 1869, Lockyer was observing a spot near the sun*s 
limb, and at 7h. 30m. A.M. a protuberance in full activity was 
seen in the field of view. The hydrogen lines were very bright, 
and, as the spectrum of the spot was visible at the same time, 
it was easy to see that the red flame was moving more quickly 
than the spot, and that the prominence was fed, so to speak, 
from the preceding edge of the spot. The violent eruption had 
torn up a portion of the upper layer of the photosphere beyond 
the usual limits of the chromosphere, and high up in the 
hydrogen flame floated a cloud of magnesium vapour I At 8h. 
30in. there was comparative quiet, but after an hour had elapsed 
the action had commenced afresh, and the existence of a violent 
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cyclone was plainly seen. On the same day, and nearly at the 
same time, a photograph of the sun was taken at Kew, in which 
the violent changes observed by Lockyer could be clearly traced, 
the limb of the sun being torn away exactly at the place where 
the spectroscope had shown a cyclone was situated. 

Who could have dreamt a few short years ago that we should 
so soon attain such an insight into the processes of creation ? 
And yet, great though the results of spectrum analysis already 
are, they are but a tithe of the numerous questions which this 
branch of discovery has opened up, — questions of such number 
and magnitude, that many generations of men will pass away 
before they are all satisfactorily answered. 

In conclusion, I may say that I feel it would be idle in me to 
attempt to add any words as to the importance and grandeur of 
the subjects which in these lectures I have so imperfectly brought 
before yoiL I leave the facts to speak for themselves, and I 
have only to thank you most heartily for the kind attention 
with which you have honoured me. 



z 
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LECTURE VI.— APPENDIX A. 

EXTRACT FROM A MEMOIR ON THE SPECTRA OF SOME OF 

THE FIXED STARS.^ 

BY W. HUGGINS, F.R.A.S., AND W. MILLER, M.D., LL.D., 

TREAS. AND V.P.R.S.* 

§ I. Introduction. 

1 . The recent discovery by KirchhoJQF of the connection between 
tlie dark lines of the solar spectrum and the bright lines of 
terrestrial flames, so remarkable for the wide range of its appli- 
cation, has placed in the hands of the experimentalist a method 
of analysis which is not rendered less certain by the distance 
of the objects the light of which is to be subjected to examina- 
tion. The great success of this method of analysis as applied 
by KirchhotT to the determination of the nature of some of the 
constituents of the sun rendered it obvious that it would be an 
investigation of the highest interest, in its relation to our know- 
ledge of the general plan and structure of the visible universe, 
to endeavour to apply this new method of analysis to the light 
which reaches the earth from the fixed stars. Hitherto the 
knowledge possessed by man of these immensely distant bodies 
has been almost confined to the fact that some of them, which 
observation shows to be united in systems, are composed of 
matter subjected to the same laws of gravitation as those which 
rule the members of the solar system. To this may be added 

J Phil. Trans. lSrt4. 

^ The liit« I'lui'vksui- uf Chemistry, Kiug'b Cullege, Londuu. 
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the high probability that they must be self-luminous bodies, 
analogous to our sun, and probably in some cases even trans- 
cending it in brilliancy. Were they not self-luminous, it would 
be impossible for their light to reach us from the enormous 
distance at which the absence of sensible parallax in the case 
of most of them shows they must be placed from our system. 

The investigation of the nature of the fixed stars by a pris- 
matic analysis of the light which comes to us from them, 
however, is surrounded with no ordinary difficulties. The light 
of the bright stars, even when concentrated by an object-glass 
or speculum, is found to become feeble when subjected to the 
large amount of dispersion which is necessary to give certainty 
and value to the comparison of the dark lines of the Stella spectra 
with the bright lines of terrestrial matter. Another difficulty, 
greater because it is in its efifect upon observation more injurious, 
and is altogether beyond the control of the experimentalist, 
presents itself in the ever-changing want of homogeneity of the 
earth's atmosphere through which the stellar light has to pass. 
This source of difficulty presses very heavily upon observers who 
have to work in a climate so unfavourable in this respect as our 
own. On any but the finest nights the numerous and closely 
approximated fine lines of the stellar spectra are seen so fitfully 
that no observations of value can be made. It is from this 
cause especially that we have found the inquiry, in which for 
more than two years and a quarter we have been engaged, more 
than usually toilsome ; and indeed it has demanded a sacrifice of 
time very great when compared with the amount of information 
which we have been enabled to obtain. 

2. Previously to January, 1862, in which month we commenced 
these experiments, no results of any investigation undertaken 
with a similar purpose had been published. With other objects 
in view, two observers had described the spectra of a few of 
the brighter stars, viz. Fraunhofer in 1823,^ and Donati, whose 
memoir, " Intomo alle Strie degli Spettri stellari," was published 
in the "Annali del Museo Fiorentino" for 1862. 

Fraunhofer recognized the solar lines D, £, &, and F in the 

^ Gilbert's Anualen, vol. Ixxiv. p. 874. 
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spectra of tlie moon, Venus, and Mars : he also found the line D 
in Capella, Betelgeux, Procyon and Pollux ; — in the two former 
he also mentions the presence of b. Castor and Sirias exhibited 
other lines. Donati^s elaborate paper contains observations upon 
fifteen stars ; but in no case has he given the positions of more 
than three or four bars, and the positions which he ascribes to the 
lines of the different spectra relatively to the solar spectrum do 
not accord with the results obtained either by Fraunhofer or by 
ourselves. As might have been anticipated from his well-known 
accuracy, we have not found any error in the positions of the 
lines indicated by Fraunhofer. 

3. Early in 1862 we had succeeded in arranging a form of 
apparatus in which a few of the stronger lines in some of the 
brighter stars could be seen. The remeasuring of those already 
described by Fraunhofer and Donati, and even the determining 
the positions of a few similar lines in other stars, however, 
would have been of little value for our special object, which was 
to ascertain, if possible, the constituent elements of the different 
stars. We therefore devoted considerable time and attention to 
the perfecting of an apparatus which should possess sufficient 
dispersive and defining power to resolve such lines as D and h 
of the solar spectrum. Such an instrument would bring out the 
finer lines of the spectra of the stars, if in this respect they 
resembled the sun. It was necessary for our purpose that the 
apparatus should further be adapted to give accurate measures 
of the lines which should be observed, and that it should also be 
so constructed as to permit the spectra of the chemical elements 
to be observed in the instrument simultaneously with the spectra 
of the stars. In addition to this, it was needful that these two 
spectra should occupy such a position relatively to each other 
as to enable the observer to determine with certainty the coin- 
cidence or non-coincidence of the bright lines of the elements 
with the dark lines in the light from the star. 

Before the end of the year 1862 we had succeeded in con- 
structing an apparatus which fulfilled part of these conditions. 
With this some of the lines of the spectra of Aldebaran, 
a Orionis, and Sirius were measured ; and from these measures, 



APPEND. A.] SFECTRA OF THE FIXED STABS, 341 

diagrams of these stars, in greater detail than had then been 
published, were laid before the Royal Society in February, 18G3. 
After the note was sent to the Society, we became acquainted 
with some similar observations on several other stars by 
Rutherfurd, in SillimarCa Journal for 1863.^ About the same 
time figures of a few stellar spectra were also published by 
Secchi.2 In March 1863 the Astronomer Royal presented a 
diagram to the Royal Astronomical Society, in which are shown 
the positions of a few lines in sixteen stars.' 

Since the date at which our note was sent to the Royal 
Society our apparatus has been much improved, and in its 
present form of construction it fulfils satisfactorily several of the 
conditions required. 



§ II. Description of the Apparatus, and Methods of 

Observation employed. 

4. This specially constructed spactrum apparatus is attached 
to the eye end of a refracting telescope of 8 inches aperture 
and 10 feet focal length, which is mounted equatorially in the 
Observatory of Mr. Huggins at Upper Tulse Hill. The object- 
glass is a very fine one, by Alvan Clark, of Cambridge, Massa- 
chusetts ; the equatorial mounting is by Cooke of York ; and 
the telescope is carried very smoothly by a clock motion. 

As the linear spectrum of the point of light which a star 
forms at the focus of the object-glass is too narrow for the 
observation of the dark lines, it becomes necessary to spread out 
the image of the star; and to prevent loss of light, it is of 
importance that this enlargement should be in one direction 
only ; so that the whole of the light received by the object-glass 
should be concentrated into a fine line of light as narrow as 
possible, and having a length not greater than will correspond to 
the breadth of the spectrum (when viewed in the apparatus), just 
sufficient to enable the eye to distinguish with ease the dark 

^ Vol. XXXV. p. 71. 

' Astronomische Nachrichten, Ko. 1405, ^^a^ch 3, 1863. 

• Monthly Notices, Roy. Autron. Soc, vol. xxiii. p. 190. 
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lines by which it may be crossed. No amngement tried by us 
has been found more suitable to effect this enlargement in one 
direction than a cylindrical lens, which was first employed for 
this purpose by Fraunhofer. In the apparatus by which the 
specti-a described in our " Note " of February 1863 were ob- 
8erve<l the cylindrical lens employed was plano-convex, of O'd 
inch focal length. This was placed within the focus of the 
object-glass, and immediately in front of the slit of the 
collimator. 

The present form of the apparatus is represented in Fig. 99 
(page 309), where the cylindrical lens is marked a. This is 
plano-convex, an inch square, and of about 14 inches focal 
length. The lens is mounted in an inner tube b, sliding within 
the tube c, by which the apparatus is adapted to the eye end 
of the telescope. The axial direction of the cylindrical surface 
is placed at ri(/ht angles to the slit d, and the distance of the lens 
from the slit within the converging pencils from the object-glass 
is such as to give exactly the necessary breadth to the spectrum. 

In consequence of the object-glass being over-corrected, the 
red and especially the violet pencils are less spread out than 
the pencils of intermediate refrangibility ; so that the spectrum, 
instead of having a uniform breadth, becomes slightly narrower 
at the red end, and tapers off in a greater degree towards the 
more refrangible extremity.^ 

In front of the slit rf, and over one-half of it, is placed a 
right-angled prism c, for the purpose of reflecting the light 
which it receives from the mirror /, through the slit. In the 
brass tube c are two holes : by one of these the light is allowed 
to i)ass from the mirror to the reflecting prism e ; and by means 

^ Tlic exporiineiit was made by so placing the cylindricftl lens that the axial 
direction ot its convex cylindrical surface should be parallel with the direction 
of tho slit. The line of light is in this case formed by the lens ; and the length 
of this lino, corresponding to the visible breadth of the spectrum, is equal to the 
dinineter of the cone of rays from the object-glass when they fall upon the slit 
Witli this arrnngenicnt, the spectrum appeai-s to be spread out, in place of being 
contracted at the two extremities. Owing to the large amount of dispersion to 
which the light is subjt-ct, it was judged unadvisable to weaken still further the 
already feeble illumination of the extremities of the spectrum ; and in the exami* 
nation of the stellar spectra the position of the cylindrical lens with its axis at 
right angles to the slit, as mentioned in the text, was therefore adopted. 
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of the other access to the milled head for regulating the width 
of the slit is permitted. Behind the slit, and at a distance equal 
to its focal length, is placed an achromatic collimating lens, g, 
made by T. Ross : this has a diameter of 0*6 inch and a focal 
length of 4y inches. These proportions are such that the lens 
receives the whole of the light which diverges from the linear 
image of the star, when this is brought exactly within the jaws 
of the slit. 

A plano-concave cylindrical lens of about 14 inches negative 
focal length was also tried. The slight advantage which this 
possesses over the convex form is more than balanced by the 
inconvenience of the increased length given to the whole 
apparatus. The dispersing portion of the apparatus consists of 
two prisms, A, each having a refracting angle of about 60"* : they 
were made by T. Ross, and are of very dense and homogeneous 
flint glass. The prisms are supported upon a suitable mounting, 
which permits them to be duly levelled and adjusted. Since 
the feebleness of the light from the stars limits the observa- 
tions for the most part to the central and more luminous 
portions of the spectrum, the prisms have been adjusted to 
the angle of minimum deviation for the ray D. A cover of 
brass, k, incloses this part of the apparatus; and by this 
means the prisms are protected from accidental displacement 
and from dust. 

The spectrum is viewed through a small achromatic telescope, 
/, furnished with an object-glass of 0*8 inch diameter and 6'75 
inches focal length. This telescope has an adjustment for level 
at m. The axis of the telescope can be lowered and raised, and 
the tube can be also rotate<l around the vertical axis of support 
at n. At the focus of the object-glass are fixed two wires, 
crossing at an angle of 90"*. These are viewed, together with the 
spectrum, by a positive eyepiece, jp, giving a magnifying power 
of 5*7 diameters. As the eyes of the two observers do not 
possess the same focal distance, a spectacle lens, corresponding 
to the focal difference between the two, was fitted into a brass 
tube, which slipped easily over the eyepiece of the telescope, 
and was used or withdrawn as was necessary. 
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This telescope, when properly adjusted and clamped, is carried 
by a micrometer screw, q, which was constructed and fitted to 
the instrument by Cooke and Sons. The centre of motion about 
which it is carried is placed approximately at the point of 
intersection of the red and the violet pencils from the last 
prism : consequently it falls within the last face of the prism 
nearest the small telescope. All the pencils therefore which 
emerge from the prism are, by the motion of the telescope, 
caused to fall nearly centrically upon its object-glass. The 
micrometer screw has 50 threads to an inch; and each revolution 
is read to the hundredth part, by the divisions engraved upon 
the head. This gives a scale of about 1,800 parts to the interval 
between the lines A and H of the solar spectrum. During the 
whole of the observations the same part of the screw has been 
used ; and the measures being relative, the inequalities, if any, 
in the thread of this part of the screw do not affect the accuracy 
of the results. The eye lens for reading the divisions of the 
micrometer screw is shown at s. 

The mirror / receives the light to be compared with that of 
the star spectrum, and reflects it upon the prism e, in front of 
the slit (L This light was usually obtained from the induction 
spark taken between electrodes of different metals, fragments of 
wires of which were held by a pair of small forceps attached to 
the insulating ebonite clamp r. Upon a movable stand in the 
Observatory was placed the induction coil, already described by 
one of us,^ in the secondary circuit of which was inserted a 
Leyden jar, having 140 square inches of tinfoil upon each of its 
surfaces. The exciting battery, which, for the convenience 
of being always available, consisted of four cells of Smee's 
construction, with plates 6 inches by 3, was placed without the 
Observatory. Wires, in connection with this and the coil, were 
so arranged that the observer could make and break contact at 
pleasure without removing his eye from the small telescope. 
This was the more important, since, by tilting the mirror /, it 
is possible, within narrow limits, to alter the position of the 
spectrum of the metal relatively to that of the star. An 

• » Phil. Trans. 1864, p. 141. 
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arrangement is thus obtained which enables the observer to be 
assured of the perfect correspondence in relative position in the 
instrument of the stellar spectrum and the spectrum to be 
compared with it. 

6. The satisfactory performance of this apparatus is proved 
by the very considerable dispersion and admirably sharp 
definition of the known lines in the spectra of the sun and 
metallic vapours. When it is directed to the sun, the line D is 
suflSciently divided to permit the line within it, marked in 
KirchhofF's map as coincident with nickel, to be seen. The 
close groups of the metallic spectra are also well resolved. 

When this improved apparatus was directed to the stars, a 
large number of fine lines was observed, in addition to those 
that had been previously seen. In the spectra of all the 
brighter stars which we have examined the dark lines appear to 
be as fine and as numerous as they are in the solai' spectrum. 
The great breadth in the lines in the green and more refrangible 
pai*ts of Sirius and some other stars, as seen in the less perfect 
form of apparatus which was first employed, and which band- 
like appearance was so marked as specially to distinguish them, 
has, to a very great extent, disappeared ; and though these lines 
are still strong, they now appear, as compared with the strong- 
est of the solar lines, by no means so abnormally broad as 
to require these stars to be placed in a class apart. No stars 
suflSciently bright to give a spectrum have been observed to be 
without lines. The stars admit of no such broad distinctness of 
classification. Star diflfers from star alone in the grouping and 
arrangement of the numerous fine lines by which their spectra 
are crossed. 

6. For the convenience of reference and comparison, a few 
of the more characteristic lines of twenty-nine of the elements 

were measured with the instrument. These were laid .down to 

* 

scale, in order to serve as a chart, for the purpose of suggesting, 
by a comparison with the lines measured in the star, those 
elements the coincidence of the lines of which with stellar lines 
was probable. 

For the purpose of ensuring perfect accuracy in relative 
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position in the instrument between the star spectrum and the 
spectrum to be observed simultaneously with it, the following 
general method of observing was adopted : The flame of a 
small lamp of alcohol, saturated with chloride of sodium, was 
placed centrally before the object-glass of the telescope, so as 
to furnish a sodium spectrum. The sodium spectrum was 
then obtained by the induction-spark, and the mirror/ was so 
adjusted that the components of the double line D, which is 
well divided in the instrument, should be severally coincident in 
the two spectra. The lamp was then removed, and the telescope 
directed to the sun, when Fraunhofer's line D was satisfactorily 
observed to coincide perfectly with that of sodium in the 
induction spark. Having thus ascertained that the sodium lines 
coincided in the instrument with the solar lines D, it was of 
importance to have assurance from experiment that the other 
parts of the solar spectrum would also accurately agree in 
position with those corresponding to them in the spectrum of 
comparison. When electrodes of magnesium were employcil, 
the components of the triple group characteristic of this metal 
severally coincided with the corresponding lines of the group b : 
c and F also agreed exactly in position with the lines of 
hydrogen. The stronger of the Fraunhofer lines were measured 
in the spectra of the moon and of Venus, and these measures 
were found to be accordant with those of the same lines taken 
in the solar spectrum* 

Before commencing the examination of the spectrum of a 
star, the alcohol-lamp was again placed before the object-glass 
of the telescope, and the correct adjustment of the apparatus 
obtained with certainty. The first observation was whether the 
star contained a double line coincident with the sodium line D. 
When the presence of such a line had been satisfactorily 
determined, we considered it sufficient in subsequent observa- 
tions of the same star to commence by ascertaining the exact 
agreement in position of this known stellar line with the 
sodium line D. 

Since from flexure of the parts of the spectrum apparatus 
the absolute reading of the micrometer might vary when the 
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telescope was directed to stars dififering greatly in altitude, the 
measure of the line in the star which was known to be 
coincident with that of sodium was always taken at the 
commencement and at the end of each set of measures. The 
distances of the other lines from this line, and not the readings 
of the micrometer, were then finally registered as the measures 
of their position; and these form the numbers given in the 
Tables, from which the diagrams of the star spectra have been 
laid down. 

The very close approximation, not unfrequently the identity, 
of the measures obtained for the same line on different occasions, 
as well as the very exact agreement of the lines laid down from 
these measures with the stellar lines subsequently determined 
by a direct comparison with metallic lines, the positions of 
which are known, have given the authors great confidence in the 
minute accuracy of the numbers and drawings which they have 
now the honour of laying before the Society. 



APPENDIX B. 

ON THE SPECTRUM OF MARS, WITH SOME REMARKS ON THE 

COLOUR OF THAT PLANET. 

BY WILLIAM HUGGINS, ESQ., F.R.S. 

On several occasions during the late opposition of Mars I 
made observations of the spectrum of the solar light reflected 
from that planet. 

The spectroscope which I employed was the same as that of 
which a description has appeared in my forpaer papers.^ Two 

' " On the Spectra of some of the Fixed Stare." (Phil. TraDS. 1864, p. 415.) 
During my prismatic researches I have tried, and used occasionally, several other 
arrangements for applying the prism to tlie telescope. Some of these instru- 
ments are fitted witn compound prisms, which give direct yision. I have not 
found any apparatus equal in delicacy and in accuracy to that which is refened 
to in the text. 
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instruments were used, one of which is furnished with a aingle 
prism of dense glass, which has a refracting angle of 60°. The 
other instrument has two similar prisms. 

In a paper " On the Spectra of some of the Fixed Stars," by 
myself and Dr. W. A. Miller, we state that on one occasion 
several strong lines of absorption were seen in the more refran- 
gible parts of the spectrum of Mars. 

During the recent more favourable opportunities of viewing 
Mars I again saw groups of lines in the blue and indigo 
parts of the spectrum. However, the faintness of this portion 
of the spectrum, when the slit was made sufficiently narrow 
for the distinct observation of the lines of Fraunhofer, did 
not permit me to measure with accuracy the position of the 
lines which I saw. For this reason I was unable to deter- 
mine whether these lines are those which occur in this part 
of the solar spectrum, or whether any of them are new lines 
due to an absorption which the light sufifers by reflection from 
the planet. 

I have confirmed our former observation, that several strong 
lines exist in the red portion of the spectrum. Fraunhofer's c 
was distinctly seen, and its identity determined by satisfactory 
measures with the micrometer of the spectrum apparatus. From 
this line the spectrum, as far as it can be traced towanls the less 
refrangible end, is crossed by dark lines. One strong line was 
satisfactorily determined by the micrometer to be situated from 
c at about one-fourth of the distance from c to B. As a similar 
line is not found in this position in the solar spectrum, the line 
in the spectrum of Mars may be accepted as an indication of 
absorption by the planet, and probably by the atmosphere which 
surrounds it. The other lines in the red may be identical, at 
least in part, with B and A, and the adjacent lines, of the solar 
spectrum. 

On February 14 faint lines were seen on both sides of Fraun- 
hofer's D. The lines on the more refrangible side of D were 
stronger than the less refrangible lines. These lines occupy 
positions in the spectrum apparently coincident with groups of 
lines which make their appearance when the sun s light traverses 
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the lower strata of the atmosphere, and which are therefore 
supposed to be produced by the absorption of gases or vapours 
existing in our atmosphere. The lines in the spectrum of Mars 
probably indicate the existence of similar matter in the planet's 
atmosphere. I suspected that these lines were most distinct in 
the light from the margin in the planet's disc ; but this observa- 
tion was to some extent uncertain. That these lines were not 
produced by the portion of the earth's atmosphere through 
which the light of Mars had passed was shown by the absence 
of similar lines in the spectrum of the moon, which at the 
time of observation had a smaller altitude than Mars. 

I observed also the spectra of the darker portions of the 
planet's disc. The spectrum of the dark zone beneath the 
southern polar spot appeared as a dusky band when com- 
pared with the spectra of the adjoining brighter parts of 
the planet. This fainter spectrum appeared to possess a uni- 
form depth of shade throughout its length. This observation 
would indicate that the material which forms the darker parts 
of the planet's surface absorbs all the rays of the spectrum 
equally. These portions should be therefore neutral, or nearly 
so, in colour. 

I do not now regard the ruddy colour of Mars to be due to an 
elective absorption ; that is, an absorption of certain rays only so 
as to produce dark lines in the spectrum. 

Further, it does not appear to be probable that the ruddy tint 
which distinguishes Mars has its origin in the planet's atmo- 
sphere, for the light reflected from the polar regions is free from 
colour, though this light has traversed a longer column of atmo- 
sphere than the light from the central parts of the disc. It is 
in the central parts of the disc that the colour is most marked. 
If indeed the colour be produced by the planet's atmosphere, it 
must be referred to peculiar conditions of it which exist only in 
connection with particular portions of the planetary surface. The 
evidence wo possess at present appears to support the opinion 
that the planet's distinctive colour has its origin in the material 
of which some parts of its surface are composed. Mr, Lockyer's 
observation, that the colour is most intense when the planet's 
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atmosphere is free from clouds, obviously admits of an inter- 
pretation in accordance with this view. 

This opinion appears to receive support from the photometric 
observations of Seidel and Zollner, some of the results of which 
I will briefly state. 

These observations show that Mars resembles the moon in 
the anomalous amount of variation of the light reflected from it 
as it increases and decreases in phase ; also in the greater bril- 
liancy of the marginal portions of its disc. Further, ZoUner has 
found that the albedo of Mars, that is, the mean reflective power 
of the diSerent parts of its disc, is not more than about one- 
half greater than that of the lunar surface. Now these optical 
characters are in accordance with telescopic observation, that in 
the case of Mars the light is reflected almost entirely from the 
true surface of the planet. Jupiter and Saturn, the light from 
which has evidently come from an envelope of clouds, are, on the 
contrary, less bright at the margin than at the central part of the 
disc. These planets have an albedo, severally, about four and 
three times greater than that of the moon.* 

The anomalous degradation in the brightness of the moon at 
the phases on cither side of the full, as well as the greater bril- 
liancy of the limb, may be accounted for by the supposition of 
inequalities on its surface, and also by a partly regular reflective 
property of its superficial rocks. Zollner has shown that if 
these phenomena be assumed empirically to be due to inequali- 
ties, then the angle of mean elevation of these inequalities 
must be taken as 52°. On the same hypothesis the more rapid 
changes of Mars would require an angle of 7G°.^ 

It appears to be highly probable that the conditions of sur- 
face which give rise to these phenomena are common to the 
moon and to Mars. The considerations referred to in a former 
paragraph suggest that these superficial conditions represent 
peculiarities which exist at the true surface of the planet. 
In this connection it is of importance to remark that the 
darker parts of the disc of Mars gradually disappear, and the 

' l^hotometrischc Untcrsuchuiigeu, vou Dr. J. C. Zullucr ; Lei|>zig, 1865. 
' Ibid. pp. 113, 123. 
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coloured portions lose their distinctive ruddy tint as they 
approach the limb. 

The observations of Sir J. Herschel ^ and Professor Q. Bond* 
give a mean reflective power to the moon's surface, similar to 
that from a "grey, weathered sandstone rock." Zollner has 
confirmed this statement. According to him, — 



The albedo of the Moon 


= •1736 of the incident light. 
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Mars 


= •2672 
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Jupiter 


= •6238 
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Saturn 


= •4981 
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White Paper 


= •700 






99 


White Sandstone 


= •237 







From this Table it appears that Mars takes in for its own use 
•7328 of the energy which it receives as light. Jupiter's cloudy 
atmosphere, nearly as brilliant as white paper, rejects more than 
six-tenths of the light which falls upon it. Therefore, less than 
four-tenths of the light which this distant planet receives is alone 
available for the purposes of its economy. 

The photographic researches of Mr. De la Rue and others 
show that the rays of high refrangibility, which are specially 
powerful in producing chemical action, are similarly afifected.* 
At present we know nothing of the reflective power of the 
planets for those rays of slower vibration which we call heat. 

* ** Outlines of Astronomy," p. 272. 

' " On the Light of the Moon and Jupiter," Memoirs Amer. Academy, vol. 
iii. p. 222. In the same Memoir Professor G. Bond estimates the albedo of 
Jupiter to be greater than unity. This estimate would require the admission 
that Jupiter shines in part by native light. (Ibid. p. 284.) 

' Professor G. Bond states that "the Moon, if the constitution of its surface 
resembled that of Jupiter, would photograph in one-/ourUerUh of the time it 
actually requires." (ibid. p. 223.) 
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APPENDIX C. 

ON THE OCCURRENCE OF BRIGHT LINES IN STELLAR SPECTRA, 
AND ON THE SPECTRA OF VARIABLE STARS. 

" The spectrum of 7 Cassiopeias appears to be, in some respects 
at least, analogous to that of T. Corocse. In addition to the 
bright line near the boundary of the green and blue observed by 
Father Secchi, there is a line of equal brilliancy in the red, and 
some dark lines of absorption. The two bright lines are narrow 
and defined, but not very brilliant. Micrometrical measures 
made by Dr. Huggins of these lines show that they are doubtless 
coincident in position with Fraunhofer's c and F, and with two 
of the bright lines of luminous hydrogen. In these stars part 
of the light must be emitted by gas intensely heated, though not 
necessarily in a state of combustion. The nearly uniform light 
of 7 Cassiopeia^ suggests that the luminous hydrogen of this 
star forms a normal part of its photosphere." — Xoticts, Bcyal 
Astraiiamical Society, vol. xxvii. p. 131. 

" Mira Cceti, which gives a spectrum apparently identical, or 
nearly so, with a Orionis, was examined when at its maximum 
brilliancy, and on several subsequent occasions, after it had 
commenced its downward course. At the time the star was 
waning in brightness there was thought to be an appearance of 
greater intensity in several of the groups, but a continued series 
of observations is desirable before any opinion is hazarded as 
to the cause of the variation in brightness which has procured 
for this object the title of ' Wonderful.' At Mr. BaxendelFs 
request the variable p Coronie was examined when at its 
maximum, but without any successful result. . . . Dr. Huggins 
has coniirmed the observation of MM. Wolf and Raget so far 
as to the presence of bright lines in the three small stars 
described by them. He has not determined the positions of 
these lines." — Ibid. vol. xxviii. p. 87. 
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APPENDIX D. 

FURTHER OBSERVATIONS ON THE SPECTRA OF SOME OF THE 
STARS AND NEBULiE, WITH AN ATTEMPT TO DETERMINE 
THEREFROM WHETHER THESE BODIES ARE MOVING TOWARDS 
OR FROM THE EARTH ; ALSO OBSERVATIONS ON THE SPECTRA 
OF THE SUN AND OF COMET II. 1868.^ 

BY WILLIAM HUGGINS, ESQ., F.R.S. 

§ I. IiUrodiictimi, 

In a paper " On the Spectra of some of the Fixed Stars," ^ by 
myself and Dr. W. A. Miller, Treas. U.S., we gave an account 
of the method by which we had succeeded during the years 
1862 and 1863 in making trustworthy simultaneous comparisons 
of the bright lines of terrestrial substances with the dark lines 
in the spectra of some of the fixed stars. We were at the time 
fully aware that these direct comparisons were not only of value 
for the more immediate purpose for which they had been 
undertaken, namely, to obtain information of the chemical 
constitution of the investing atmospheres of the stars, but that 
they might also possibly serve to tell us something of the motions 
of the stars relatively to our system. If the stars were moving 
towards or from the earth, their motion, compounded with the 
earth's motion, would alter to an observer on the earth the 
refrangibility of the light emitted by them, and consequently 
the lines of terrestrial substances would no longer coincide in 
position in the spectrum with the dark lines produced by the 
absorption of the vapours of the same ^substances existing in 
the stars. 

The apparatus employed by us was furnished with two prisms 
of dense flint glass, each with a refracting angle of 60^ and 
permitted the comparisons to be made with so much accuracy 

^ Phil. Trans. 1868, p. 529. - Ibid. 1864, p. 413. 

A A 
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that the displacement of a line, or of a group of lines, to an 
amount smaller even than the interval which separates the 
components of Fraunhofer s D, would have been easily detected. 
We were therefore in possession of the information that none of 
the stars, the lines in the spectra of which we had compared 
with sufficient care, were moving in the direction of the visual 
ray with a velocity so great, relatively to that of light, as to shift 
a line through an interval corresponding to a difference of wave- 
length equal to that which separates the components of D. To 
produce an alteration of refrangibility of this amount a velocity 
of about 169 miles per second would be required. The following 
stars, with some others, were observed with the requisite accu- 
racy : — Aldebaran, a Orionis, jS Pegasi, Sirius, a Lyrae, Capella, 
Arcturus, Pollux, Castor, 

It appeared premature at the time to refer to these negative 
results, as it did not seem to be probable that the stars were 
moving with velocities sufficiently great to cause a change of 
refrangibility which could be detected with our instrument. The 
insufficiency of our apparatus for this very delicate investigation 
does not. however, diminish the trustworthiness of the results 
we obtained respecting the chemical constitution of the stars, 
as the evidence for the existence or otherwise of a terrestrial 
substance was made to rest upon the coincidence, or want of 
coincidence, in general character as well as position of several 
lincSy and not upon that of a single line. 

According to the undulatory theory, light is propagated with 
equal velocity in all directions, whether the luminous body be 
at rest or in motion. The change of refrangibility is therefore 
to be looked for from the diminished or increased distance the 
light would have to traverse if the luminous object and the 
observer had a rapid motion towards or from each other. The 
great relative velocity of light to the known planetary velocities 
and to the probable motions of the few stars of which the 
parallax is known, showed that any alterations of position which 
might be expected from this cause in the lines of the stellar 
spectra would not exceed a fraction of the interval between the 
double line 1), for that part of the spectrum. 
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I have devoted much time to the construction and trial of 
various forms of apparatus with which I hoped to accomplish 
the detection of so small an amount of change of refrangibiUty. 
The difficulties of this investigation I have found to be very 
great, and it is only after some years that I have succeeded in 
obtaining a few results which I hope will be acceptable to the 
Royal Society. 

The subject of the influence of the motions of the heavenly 
bodies on the index of refraction of light had already, at the 
time of the publication of our paper in 1864, occupied the 
attention of Mr. J. C. Maxwell, F.R.S., who had made some 
experiments in an analogous direction. 

In 1841 Doppler showed that since the impression which is 
received by the eye or the ear does not depend upon the intrinsic 
strength and period of the waves of light and of sound, but is 
determined by the interval of time in which they fall upon the 
organ of the observer, it follows that the colour and intensity of 
an impression of light, and the pitch and strength of a sound, 
will be altered by a motion of the source of the light or of the 
sound, or by a motion of the observer, towards or from each 
other.^ 

Doppler endeavoured by this consideration to account for the 
remarkable difiFerences of colour which some of the binary stars 
present, and for some other phenomena of the heavenly bodies. 
That Doppler was not correct in making this application of his 
theory is obvious from the consideration that, even if a stai* 
could be conceived to be moving with a velocity sufficient to 
alter its colour sensibly to the eye, still no change of colour 
Mould be perceived, for the reason that beyond the visible 
spectrum, at both extremities, there exists a store of invisible 
waves which would be at the same time exalted or degraded 
into visibility to take the place of the waves which had been 
raised or lowered in refrangibility by the star's motion. No 
change of colour, therefore, could take place until the whole of 
those invisible waves of force had been expended, which would 

1 ** Ueber das farbige Licht der Doppelsterne and einiger anderer Gestime des 
HimmelB." (Bcihm. GeaeU. Abh. ii. 1841-42, S. 465.) 

A A 2 
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only be the case when the relative motion of the source of 
light and the observer was several times greater than that 
of light. 

In 1845 Ballot published a series of acoustic experiments 
which support Doppler's theory in the case of sound. In the 
same paper Ballot advances several objections to Doppler's 
application of his theory to the colours of the stars.^ 

This paper was followed by several papers by Doppler in 
reply to the objections which were brought against his con- 
clusions.^ 

In 1847 two memoirs were published by Sestini on the colours 
of the stars in connection with Doppler s theory.* 

More recently, in 1866, Klinkerfues* published a memoir on 
the influence of the motion of a source of light upon the refran- 
gibility of its rays, and described therein a series of observations 
from which he deduces certain amounts of motion, in the case 
of some of the objects observed by him. 

The method employed by Klinkerfues has been critically 
discussed by Dr. Sohncke.^ 

It may be sufficient to state that, as Klinkerfues employs an 
achromatic prism, it does not seem possible, by his method of 
observing, to obtain any information of the motion of the stars; 
for in such a prism the difference of period of the luminous 
waves would be as far as possible annulled. It is, however, 
conceivable that his observations of the light when travelling 
from E. to W., and from W. to E., might show a difference in the 
two cases, arising from the earth's motion through the ether. 

Father Secchi has quite recently called attention to this 



* ** Akustische Versncho auf der Niederlandischen Eisenbahn nebst geleffent- 
lichen Bemerkungen zur Theorie des Herrn Prof. Doppler ; " Pogg. Ann. B. IxTi. 
S 321 

a See Pogg. Ann. B. Ixxxi. S. 270, and B. Ixxxvi. S. 371. 
' ** Meraoria sopra i Colori delle Stelle del Catalogo de Baily osservati dal 
P. Band. Sestini." Roma, 1847. 

* *' Fernere Mittheilungen iiber don Einfluss der Bewegung der Lichtqnelle auf 
die Brechbarkeit eines StrahU." Von \V. Klinkerfues, Kachr. K. G. derW. 
zu Gottingen, No. 4, S. 33. 

' ** Ueber den Einfluss der Bewegung der Lichtqueile auf die BrechuDg, 
kritische Bemerkungen zu der Entdeckung des Herm Prof. Klinkerfues." Von 
llerrn Dr. Sohncke, Astron. Nachr. No. 1C46. 



APPEND. D.] ON THE SPECTRA OF ST J RS AND NEBULA. 357 

subject.^ In his paper he states that he has not been able to 
detect any change of refrangibility in the case of certain stais, of 
an amount equal to the difiference between the components of 
the double line D. These results are in accordance with those 
obtained by myself and Dr. Miller in 1868, so far as they refer 
to the stars which had been examined by us. . . . 



§ II. Description of Apparatus, 

All the experiments were made with my refractor by Alvan 
Clark, of 8 inches aperture and 10 feet focal length, which is 
mounted equatorially, and carried very smoothly by a clock 
motion. As even on nights of unusual steadiness the lines in 
the spectra of the stars are necessarily, for several reasons, more 
difficult of minute discrimination of position than are those of 
the solar spectrum, it is important that the apparatus employed 
should give an ample amount of dispersion relatively to the 
degree of minuteness of observation which it is proposed to 
attempt. 

In 1866 I constructed a spectroscope for the special objects of 
research described in this paper, which was furnished with three 
prisms of 60° of very dense flint glass. The solar lines were 
seen with great distinctness. I found, however, that, in order to 
obtain a separation of the lines sufficient for my purpose, an 
eyepiece magnifying ten or twelve diameters was necessary. 
Under these circumstances the stellar lines were not seen in the 
continued steady manner which is necessary for the trustworthy 
determination of the minute difierences of position which were 
to be observed. After devoting to these observations the most 
favourable nights which occurred during a period of some 
months, I found that if success was to be obtained it would 
probably be with an apparatus in which a larger number of 
prisms and a smaller magnifying power were employed. 

The inconvenience arising from the pencils, after passing 
through the prisms, crossing those from the collimator, when 

1 Comptes Kendus, 2 Mars, 1868, p. 398. 
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more than three or four prisms ore employed, and also, in part, 
the circii Distance that I had in my possession two very fine 
direct-vision prisma on Amici's principle, which had been made 
for me by Hofinann of Paris, induced me to attempt to combine 
in one instrument several simple prisms with one or two 
compound prisms which gave direct vision. An instrument 
constructed in this way, as will be seen from tbe foUowinj 
description, possesses several not unimportant advantages.^ 




Fig. 118 a is an adjustable slit; b an achromatic colliniating 
lens of 45 inches focal length ; c represents tlie small telescope 
with which the spectrum is viewed. The train of prisms consisW 
of two compound prisms, d and e, ond three simple prisms/, ff, h. 
Each of the compound prisms contains five prisms, cemented to- 
gether with Canada bnlaam. The shaded portions of the diagram 
represent the position of the two prisms of very dense fliut glass 
in each compound prism. The compound prism marked « is 
much larger than the other, and is permanently connectwl with 
the telescope c, with which it moves. These compound prisms, 
which were made specially to my order by Hofmann. are of 
great perfection, and produced severally a dispersion fully equal 
to two prisms of ordinary deuse flint gloss. The prismsyand g 
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* 

were cut for me from a very fine piece of dense glass of Quinand 
by Messrs. Simms, and have each a refracting angle of 60°. The 
prism h was made by Mr. Browning from the dense Hint glass 
manufactured by Messrs. Chance : this prism has a refracting ansle 
of 45°. The great excellence of all these prisms is shown by the 
very great sharpness of definition of the bright lines of the metals 
when the induction spark is taken before the slit, even when 
considerable magnifying power is employed on the small telescope 
with which the spectrum is viewed. The instrument is provided 
with a second collimator, of which the object-glass has a focal 
length of eighteen inches. 

The compound prism « is so fixed that it can be removed at 
pleasure, when the total dispersive power of the instrument is 
reduced from about six and a half prisms of 60° to about four 
and a half prisms of 60°. The facility of being able to reduce 
the power of the instrument has been found to be of much service 
for the observation of faint objects, and also on nights when the 
state of the atmosphere was not very favourable. 

The telescope with which the spectrum is viewed is carried by 
a micrometer screw, which, however, has not been employed for 
taking measures of the spectra, but only for the purpose of 
setting the telescope to the part of the spectrum which it is 
intended to observe. This precaution is absolutely necessary 
when nebulae are observed which emit light of two or three 

refrangibilities only. 

For the purpose of the simultaneous comparisons of the light 
of the heavenly bodies with the lines of the terrestrial elements, 
the slit was provided, in the usual way, with a small prism placed 
over one-half of it, which received the light reflected upon it from 
a small mirror placed opposite the electrodes. The plan of 
observation formerly employed, and which is described in the 
paper ** On the Spectra of some of the Fixed Stars," was adopted 
to insure perfect accuracy of relative position in the instrument 
between the star spectrum and the spectrum to be compared 
with it, since it is possible, by tilting the mirror, to alter within 
narrow limits the position of the spectrum of the terrestrial 
substance relatively to that of the star. Before commencing 
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an observation, a small alcohol lamp, in the wick of which bicar- 
bonate of soda was placed, was fixed before the object-glass of 
the telescope, and then the mirror and the electrodes were so 
adjusted that the components of the double line D were exactly 
coincident in both spectra. 

This plan was soon found to be very inconvenient, and even 
in some degree untrustworthy for the more delicate comparisons 
which were now attempted. An unobserved accidental displace* 
ment of the spark, or of the mirror, might cause the two spectra 
to difiFer in position by an amount equal to the whole extent of 
want of coincidence which it was proposed to seek for in this 
investigation. The observations of many nights have been 
rejected from the uncertainty as to the possible existence of an 
accidental displacement. 

Another inconvenience, so great as even to seem to diminish 
the hope of ultimate success, was found to arise from the diflS- 
culty of bringing the lower margin of the star spectrum into 
actual contact with the upper margin of the spectrum of the light 
reflected into the instrument. The lines in the spectra of the 
stars are not, on ordinary nights, so steady and distinct as are 
those of the solar spectrum. Under these difficult circumstances, 
it is very desirable, as an assistance to the eye in its judgment 
of the absolute identity or otherwise of the position of lines, that 
the bright lines of comparison should not merely meet the dark 
lines in the star spectrum, but that they should overlap them to 
a small extent. When the two spectra are so arranged as to be 
in contact, the eye is found to be influenced to some extent by 
the apparent straightness or otherwise of the compound line 
formed by the coincident, or nearly coincident, lines in the two 
spectra. Owing to the unavoidable shortness of the collimator, 
the lines in a broad spectrum are slightly curved. From this 
cause the determination of the identity of lines in spectra which 
are in contact merely is rendered more difficult, and it may be 
less trustworthy. 

The difficulties of observation which have been referred to 
were in the first instance sought to be overcome by placing the 
spark before the object-glass of the telescope. In some respects 
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this method appears to be unexceptionable, but there are dis- 
advantages connected with it. The bright lines, under these 
circumstances, extend across the star spectrum, and make the 
simultaneous observation of dark lines, which are coincident, or 
nearly so, with them, very difficult. When the spark is taken 
between electrodes, the consequent disturbance of the air in front 
of the object-glass is unfavourable to good definition. An im- 
portant disadvantage arises from the great diminution in the 
brightness of the spark from the distance (ten feet) at which it 
is placed from the slit ; since in consequence of its nearness to 
the object-glass the divergence of the light from it is diminished 
in a small degree only by that lens. It is obvious that, by means 
of a lens of short focal length placed between the spark and the 
object-glass, the light from the spark might be rendered parallel, 
or even convergent ; but the adjustment of such a lens, so that 
the pencils transmitted by it should coincide accurately in direc- 
tion with the optical axis of the telescope, would be very 
troublesome. When two Leyden jars, connected as one jar, were 
interposed, and the spark was taken in air between platinum 
points, there was visible in the spectroscope only the brightest 
of the lines of the air spectrum, namely, the double line belong- 
ing to nitrogen, which corresponds to the principal line in the 
spectra of the gaseous nebulae. When a vacuum-tube containing 
hydrogen at a low tension was placed before the object-glass, the 
line corresponding to F was seen with sufficient distinctness, but 
the Une in the red was visible with difficulty. Some observations, 
however, have been made with the spark arranged before the 
object-glass. 

The following arrangements for admitting the light from the 
spark appeared to me to be free from the objections which have 
been referred to, and to be in all respects adapted to meet the 
requirements of the case. In place of the small prism, two 
pieces of silvered glass were securely fixed before the slit at an 
angle of 45°. In a direction at right angles to that of the slit 
an opening of about yV i^ch was left between the pieces of glass 
for the passage of the pencils from the object-glass. By means 
of this arrangement the spectrum of a star is seen accompanied 
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by two spectra of comparison, one appearing above and the other 
below it. As the reflecting surfaces are about 0*5 incb from the 
slit, and the rays from the spark are divei^ent, the light reflected 
from the pieces of glass will have encroached upon the pencils 
from the object-glass by the time they reach the slit, and the 
upper and lower spectra of comparison will appear to overlap to 
a small extent the spectrum formed by the light from the object- 
glass. This condition of things is of great assistance to the eye 
in forming a judgment as to the absolute ooincidenoe or other- 
wise of lines. For the purpose of avoiding some inconveniences 
which would arise from glass of the ordinary thickness, pieces of 
the thin glass used for the covers of microscopic objects were 
carefully selected, and these were silvered by floating them upon 
the surface of a silvering solution. In order to in.sure that the 
induction spark should always preserve the same position 
relatively to the miiTor, a piece of sheet gutta-percha was fixed 
above the silvered glass : in the plate of gutta-percha, at the 
proper place, a small hole was made of about -^ inch in diameter. 
The ebonite clamp containing the electrodes is so fixed as to 
permit the point of separation of these to be adjusted exactly 
over the small hole in the gutta-percba. The adjustment of the 
parts of the apparatus was made by closing the end of the 
adapting tube, by which the apparatus is attached to the tele- 
scope, with a diaphragm with a small central hole, before which 
a spirit-lamp was placed. When the lines from the induction 
spark, in the two spectra of comparison, were seen to overlap 
exactly, for a short distance, the lines of sodium from the light 
of the lamp, the adjustment was considered perfect. The 
accuracy of adjustment has been confirmed by the exact coinci- 
dence of the three lines of magnesium with the component lines 
of h in the spectrum of the moon. 

In some cases the spectra produced by the spark are incon- 
veniently bright for comparison with those of the stars and 
nebulae. If the spark is reduced in power below a certain point, 
many of the lines are not then well developed. The plan, 
therefore, was adopted of diminishing the brightness of the 
spectrum by a wedge of neutral-tint glass, which can be moved 
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at pleasui*e between the plate of gutta-percha and the silvered 
mirror. 

Two eyepieces were employed with the apparatus ; the one 
magnifying four diameters, and the other six diameters. . . . 

§ III. Observations of Nebulce. 

For the greater convenience of reference and of comparison 
the spectrum of 37 H. IV. Draconis from my paper ** On the 
Spectra of some of the Nebulae " ^ has been added. The 
spectrum of this nebula may be taken as characteristic, in its 
general features, of the spectra of all the nebulse which do 
not give a continuous spectrum. At present I have deter- 
mined satisfactorily the general characters of the spectra of 
about seventy nebulse. This number forms but a part of the 
much larger list of nebulse which I have examined, but in the 
case of many of these objects their light was found to be too 
feeble for a satisfactory analysis. Of the seventy nebulse about 
one-third give a spectrum of bright lines. The proportion which 
is indicated by this examination, of the nebulse which gave a 
spectrum of bright lines to those of which the spectrum is con- 
tinuous (namely, as one to two), is probably higher than would 
result from a wider observation of the objects contained in such 
catalogues as those of Sir John Herschel and Dr. D' Arrest, since 
many of the objects which I examined were specially selected, 
on account of the probability (which was suggested by their form 
or colour) that they were gaseous in constitution. 

All the differences which I have hitherto observed between 
the spectra of the gaseous nebulse may be regarded as modifica- 
tions only of the typical form of spectrum which is represented 
in the diagram, since they consist of differences of relative in- 
tensity, of the deficiency of one or two lines, or of the presence 
of one or two additional lines. It is worthy of remark that, so 
far as the nebulse have been examined, the brightest of the three 
lines, which agrees in position in the spectrum with the brightest 
of the lines of the spectrum of nitrogen, is present in all the 

1 Phil. Trans. 1864, p. 438. 
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nebulae which give a spectrum indicative of gaseity. It is a 
suggestive fact that should not be overlooked, that iu no nebula 
which has a spectrum of bright lines has any additional line 
been observed on the less refrangible and brighter side of the 
line common to all the gaseous nebulae. 

The faint continuous spectrum, which in some cases is also 
seen, has been traced in certain nebulae, by its breadth, to a 
distinct brighter portion of the nebula which it is convenient 
still to distinguish by the term " nucleus," though at present we 
know nothing of the true relation of the bright points of the 
nebulae to the more diffused surrounding portions. 

It must not be forgotten that when gases are rendered 
luminous there may usually be detected a faintly luminous con- 
tinuous spectrum. In the case of several of the nebulae, such 
as the annular nebula of Lyra and the Dumb-bell nebula, no 
existence of even a faint continuous spectrum has been yet 
certainly detected. 

The determination of the position in the spectrum of the three 
bright lines was obtained by simultaneous comparison with the 
lines of hydrogen, nitrogen, and barium. The instrument which 
I employed had two prisms, each with a refracting angle of 60**, 
and the positions of the lines were trustworthy within the limits 
of about the breadth of the double line D. 

The objects which I proj)osed to myself, in attempting a re- 
examination of some of the nebulae with the large instrument 
described in this paper, were to determine, first, whether any of 
the nebulae were possessed of a motion which could be detected 
by a change of refrangibility ; secondly, whether the coincidence 
which hail been observed of the first and the third line with a 
line of hydrogen and a line of nitrogen would be found to hold 
good when subjected to the test of a spreading out of the spec- 
trum three or four times greater than that under which the 
former observations were made. It would not, it seemed, be 
difficult, in the case of the detection of a want of coincidence, to 
separate the effects of the two distinct sources referred to, from 
both of which equally a minute difiorence of refrangibility 
between the nebular lines and those of terrestrial substances 
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might arise. The probability is very great indeed that, in all the 
nebulflB which give the kind of spectrum of which I am speaking, 
the two lines referred to are to be attributed to the same two 
substances, and that therefore, in all these nebulae, they were 
originally of the same degree of refrangibility. On the other 
hand, it is not to be supposed that nebulas situated in diflferent 
positions in the heavens would have a similar motion relatively 
to the earth. An examination of several nebulae would therefore 
show to which of these causes any observed want of coincidence 
was to be attributed. 

The great Nebula in Orion. — In my description of this nebula ^ 
I stated that the light from all the parts of this strangely diver- 
sified object, which were bright enough to be observed with my 
instrument, was resolved into three bright lines similar to those 
represented in the diagram. 

On the present occasion I applied myself in the first place to 
as careful a comparison as possible of the brightest line with 
the corresponding line of the spectrum of nitrogen. 

My first observations were made with the light from the in- 
duction spark taken in pure nitrogen sealed in a tube at a tension 
a little less than that of the atmosphere, which was reflected 
into the instrument, as in my former series of observations, by 
means of a mirror and a small prism. The precaution was 
taken to verify the accuracy of the position of the spectrum 
of comparison relatively to that of the nebula, by placing a 
small lamp before the object-glass in the way already described. 

The coincidence of the line in the nebula with the brightest 
of the lines of nitrogen, though now subjected to a much more 
severe trial, appeared as perfect as it did in my former observa- 
tions. I expected that I might discover a duplicity in the line 
in the nebula corresponding to the two component lines of the 
line of nitrogen ; but I was not able, after long and careful 
scrutiny, to see the line double. The line in the nebula was 
narrower than the double line of nitrogen : this latter may have 
appeared broader in consequence of irradiation, and it was much 
brighter than the line in the nebula. 

^ Proc. Roy. Soc. vol. xiv. p. 39. 
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The following observations are suggestive in connection with 
the point under consideration. Electrodes of platinum werp 
placed before the object-glass in the direction of a diameter, so 
that the spark was as nearly as possible before the centre of the 
lens. The spark was taken in air. I expected to find the spec- 
trum faint, for the reasons which have been stated in a previous 
paragraph ; but I was surprised to find that only one line was 
visible in the large spectroscope when adapted to the eye end of 
the telescope. This line was the one which agrees in position 
with the line in the nebula ; so that under these circumstances 
the spectrum of nitrogen appeared precisely similar to the 
spectra of those nebulae of which the light is apparently mono- 
chromatic. This resemblance was made more complete by the 
faintness of the line; from which cause it appeared much 
narrower, and the separate existence of its two components 
could no longer be detected. When this line was observed 
simultaneously with that in the nebula, it was found to appear 
but a very little broader than that line. When the battery 
circuit was completed, the line from the spark coincided so 
accurately in position with the nebular line that the effect to 
the eye was as if a sudden increase of brightness in the line of 
the nebula had taken place. In order to make this observation, 
and to compare the relative appearance of the lines, the telescope 
was moved so that the light from the nebula occupied the lower 
half only of the slit. The line of the spark was now seen 
to be a very little broader than the line of the nebula, and 
appeared as a continuation of it in an unbroken straight 
line. These observations were repeated many times on several 
nights. 

An apparent want of coincidence, which would be represented 
by 0*02 division of the head of the micrometer screw would be 
about the smallest difference that could be observed under the 
circumstances under which these observations were made. At 
the part of the spectrum where this line of nitrogen occurs the 
angular interval measured by 02 division of the micrometer 
corresponds to a difference of wave-length of '0460 millionth of 
a millimetre. 
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At the time the comparisons were made the earth was receding 
from the part of the heavens in which the nebula is situated by 
about half its orbital velocity. If the velocity of liglit be taken 
at 185,000 miles per second, and the wave-length of the nitrogen 
line at 50080 millionths of a millimetre, the efiFect of half the 
orbital motion would be to degrade the refrangibility of the line 
by 023, an alteration of wave-length which would correspond 
to about 0*01 of the large micrometer head, an interval too 
small to be detected. 

We learn from these observations, that if the line be emitted 
by nitrogen, the nebula is not receding from us with a velocity 
greater than ten miles per second ; for this motion, added to that 
of the earth's orbital velocity, would have caused a want of 
coincidence that could be observed. Further, that if the nebula 
be approaching our system, its velocity may be as much as 
twenty miles or twenty-five miles per second ; for part of its 
motion of approach would be masked by the effect of the motion 
of the earth in the contrary direction. 

The double line in the nitrogen spectrum does not consist of 
sharply defined lines, but each component is nebulous, and re- 
mains of a greater width than the image of the slib.^ The 
breadth of these lines appears to be connected with the condi- 
tions of tension and of temperature of the gas. Plucker * slates 
that when an induction spark of great heating power is employed 
the lines expand so as to unite and form an undivided band. 
Even when the duplicity exists, the eye ceases to have the 
power to distinguish the component lines, if the intensity of 
the light be greatly diminished. 

Though I have been unable to detect duplicity in the corre- 
sponding line in the nebula, it might possibly be found to be 
double if seen under more favourable conditions : I incline to 
the belief that it is not double.^ 

^ Secchi states that with his direct spectroscope this line in the annular nebula 
in Lyra appears doable. As the image of the nebula is viewed directly, after 
elongation by the cylindrical lens, and without a slit, it is probable that the two 
lines may correspond to the two sides of the elongated annulus of the nebula. 

« Phil. Trans. 1868, p. 18. 

' '*0n the Spectra of the Chemical Elements," PhiL Trans. 1864, p. 141. 
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In my Tables of the lines of the air * I estimated the bright- 
ness of each of the components of the double line in the 
spectrum of nitrogen at 10, and the components of the double 
line next in brightness in the orange at 7 and 5, and those of a 
third double line on the less refrangible side of D at 6 and 4. 
It was with reference to these two double lines next in apparent 
brilliancy that I wrote,* in speaking of the line in the nebula — 
" If, however, this line were due to nitrogen, we ought to see 
other lines as well ; for there are specially two strong double 
lines in the spectrum of nitrogen, one at least of which, if they 
existed in the light of the nebulae, would be easily visible." 

As the disappearance of the whole spectrum of nitrogen, 
with the exception of the one double line, was unexpected — 
though, indeed, in accordance with my previous estimations, I 
examined the spectrum of nitrogen with a spectroscope fur- 
nished with one prism with a refracting angle of 60^ in which 
the whole of the spectrum from c to o is included iu the field 
of view — I then moved between the eye and the little telescope 
of the spectroscope a wedge of neutral-tint glass corrected for 
refraction by an inverted similar wedge of crown glass, and 
which I had found to be sensibly equal in absorbing power on 
the different p«irts of the visible spectrum. As the darker part 
of the ridge was brought before the eye, the two groups in the 
orange were quite extinguished, while the lines in the green 
still remained of considerable brightness. The line which 
under these circumstances remained longest visible, next to the 
brightest line, was one more refrangible at 26G9 of the scale 
of my map. This observation was made with a narrow slit. 
When the induction spark was looked at from a distance of 
some feet with a direct- vision prism held close to the eye, I was 
surprised to observe that the double line in the orange appeared 
to nie to be the brightest in the spectrum ; and when the 
neutral- tint wedge was interposed, this lino in the orange 
remained alone visible, all the other lines being extinguished. 

When, however, in place of the simple prism a small direct- 
vision spectroscope provided with a slit was employed, I foun<i 

1 Phil. Trans. 1864, p. 141. * Ibid. p. 443. 
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it to be possible, by receding from the spark, to find a position 
in which the double line in the green, with which the line in 
the nebula coincides, was alone visible, and the spectrum 
of the spark in nitrogen resembled that of a monochromatic 
nebula. 

It is obvious that, if the spectrum of hydrogen were reduced 
in intensity, the line in the blue, which corresponds to that in 
the nebula, would remain visible after the line in the red and 
the lines more refrangible than F had become too feeble to affect 
the eye. 

It therefore becomes a question of much interest whether 
the one, two, three, or four lines seen in the spectra of these 
nebuke represent the whole of the light emitted by these bodies, 
or whether these lines are the strongest lines only of their 
spectra, which, by reason of their greater intensity, have suc- 
ceeded in reaching the earth. Since these nebulaB are bodies 
which have a sensible diameter, and in all probability present 
a continuous luminous surface, or nearly so, we cannot suppose 
that any lines have been extinguished by the effect of the 
distance of these objects from us. 

If we had evidence that the other lines which present them- 
selves in the spectra of nitrogen and hydrogen were quenched 
on their way to us, we should have to consider their dis- 
appearance as an indication of a power of extinction residing 
in cosmical space, similar to that which was suggested from 
theoretical considerations by Ch^seaux, and was afterwards 
supported on other grounds by Olbers and the elder Stnive. 
Further, as the lines which we see in the nebulae are precisely 
those which experiment shows would longest resist extinction, 
at least so far as respects their power of producing an im- 
pression on our visual organs, we might conclude that this 
absorptive property of space is not elective in its action on light, 
but is of the character of a general absorption acting equally, 
or nearly so, on light of every degree of refrangibility. What- 
ever may be the true state of the case, the result of this 
re-examination of the spectrum of this nebula appears to give 
increased probability to the suggestion that followed from my 

B B 
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former observations, namely, that the substances hydrogen and 
nitrogen are the principal constituents of the nebulsB of the 
class under consideration. 

I now pass to observations of the third line of the nebular 
spectrum, the one which I found to coincide with the line of 
hydrogen which corresponds to Fraunhofer's F. The substance 
in the nebulae which is indicated by this line appears to be sub- 
ject to much greater variation in relative brilliancy, or to be more 
affected by the conditions under which it emits light ; for while 
the brightest line is always present, the line of which I am 
speaking seems to be wholly wanting in some nebulae, and to be 
of different degrees of relative brightness in some other nebulse. 

In the nebula of Orion this line is relatively stronger than in 
37 H. IV. Draconis, and some other nebulse. I have suspected 
that the relative brightness of this line varies slightly in different 
parts of this nebula. It may be estimated perhaps in the nebula 
of Orion at about the brightness of the second line. The second 
line suffers in apparent brilliancy from its nearness to the 
brightest line, and may, without due regard to this circumstance, 
be estimated as brighter than the third line. 

In order to compare the position of the line with that of the 
corresponding line in the spectrum of hydrogen, I employed a 
vacuum-tube containing hydrogen at a very small tension, which 
was placed before the object-glass of the telescope. Under 
these conditions the line appears narrow when the slit is narrow, 
without any sensible nebulosity at the edges. The character of 
the line is altered, as has been shown by Pliickev, when hydrogen 
at the atmospheric pressure is employed : the line then ex- 
pands into a nebulous band of considerable width, even with a 
very narrow slit. Such a condition of the line is obviously 
unsuitable for the delicate comparisons which it was proposed 
to attempt. 

The narrow, sharply-defined line of hydrogen, when the 
vacuum-tube was before the slit, was observed to coincide per- 
fectly in position with the third line of the nebula. This 
observation, which shows the coincidence of these lines with an 
accuracy three or four times as groat as my former obser\*ations, 
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increases in the same ratio the probability that the line in the 
nebula is really due to luminous hydrogen. 

I suspect that, although the third line in this nebula may 
impress the eye as strongly as the second line, yet it is not so 
narrow and well-defined as that line. If this suspicion be 
correct, this condition of the line might indicate that the 
hydrogen exists at a rather greater tension than that in the so- 
called vacuum-tubes, but that it is not nearly so dense as would 
correspond to the atmospheric pressure at the surface of the 
earth. As, however, the character of the lines of hydrogen is 
also greatly modified by temperature, it is not possible to reason 
with any certainty as to the state of things in this distant object, 
the light of which we have now under examination. 

I am still unable to find any terrestrial line which corresponds 
to the middle line. I have made the additional observation that 
the line in the nebula is in a very slight degree less refrangible 
than the line of oxygen at 2060 of the scale of my map. It is 
in a rather larger degree less refrangible than the strong line of 
barium at 2075 of my scale. 

Several other nebulsB have been observed with the large spec- 
troscope : I prefer, however, to re-examine these objects before 
I publish any observations of them. 

§ IV. Olservations of Stars. 

The chief difficulties which I have had to encounter have 
arisen from the unsteadiness of our atmosphere. There is 
sufficient light from stars of the first and second magnitude for 
the large spectroscope described in this paper, and, so far as the 
adjustments of the instrument are concerned, the lines in the 
spectra of the stars would be well defined. Unless, however, the 
air is very steady, the lines are seen too fitfully to permit of any 
certainty in the determination of coincidences of the degree of 
delicacy which is attempted in the present investigation. I have 
passed hours in the attempt to determine the position of a single 
line, and have then not considered that the numerous observa- 
tions which I had obtained were possessed, even collectively, of 

B B 2 
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sufficient weight to establish with any certainty the coincidence 
of the line with the one compared with it. 

I prefer, therefore, to reject a large number of observations 
which appear unsatisfactory from this cause, and to give in this 
place a very few of the most trustworthy of the observations 
which I have made. 

Sirivs. — The brilliant light of this star and the great intensity 
of the four strong lines of its spectrum make it especially 
suitable for such an examination. The low altitude of this star 
in our latitude limits the period in which it can be successfully 
observed to about one hour on each side of the meridian. 

I have confined myself to comparisons of the strong line in 
the position of f with the corresponding line of the spectrum 
of hydrogen. My first trials were made with hydrogen at 
the ordinary atmospheric pressure : the width of the band of 
hydrogen, under these circumstances, was greater than the line 
of Sinus. This line in Sirius, from some cause, is narrower 
relatively to the length of the spectrum, when considerable dis- 
persion and a narrow slit are employed, than when the image 
of the star, rendered linear by a cylindrical lens, is observed with 
a single prism.^ 

When the large . spectroscope was employed, I estimated 
the breadth of the line to be about equal to that of the double 
line D. In KirchhoflTs map the line F of the solar spectrum is 
represented as a little more than one-fourth of the interval 
separating the lines D. When tbe spectroscope attached to the 
telescope was directed to the moon, the line F appeared even 
narrower than it is represented in KircbhofiTs map ; I estimated 
it at about one-sixth of the apparent breadth of the corresponding 
line in the spectrum of Sirius. The character of the line agrees 
precisely with the line of hydrogen under certain conditions of 
tension and temperature. 

As it was obviously impossible to determine with the required 
accuracy the coincidence of the line of Sirius when the much 
broader band of hydrogen at the ordinary pressure was compared 
with it, I employed a vacuum-tube fixed before the object-glass. 

1 Sec Phil. Trans. 1861, p. 42. 
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In all these observations the slit used was as narrow as possible. 
The air at the time of the present observations was more 
favourable than usual, and the line in Sirius was seen with 
great distinctness. The line from the spark appeared in com- 
parison very narrow, not more than about one-fifth of the width of 
the line of Sirius. When the battery circuit was completed, the 
line of hydrogen could be seen distinctly upon the dark line of 
Sirius. The observation of the comparison of the lines was 
made many times, and I am certain that the narrow line of 
hydrogen, though it appeared projected upon the dark line in 
Sirius, did not coincide with the middle of the line, but crossed 
it at a distance from the middle, which may be represented by 
saying that the want of coincidence was apparently equal to 
about one-third or one-fourth of the interval separating the 
components of the double line D. I was unable to measure 
directly the distance between the centre of the line of hydrogen 
and that of the line in the spectrum of Sirius, but several very 
carefiil estimations by means of the micrometer give a value for 
that distance of 0'040 of the micrometer head. This value is 
probably not in error by so much as its eighth part. 

Comparisons on many other nights were also made, sometimes 
with the vacuum-tube before the object-glass, and sometimes 
with the vacuum-tube placed over the small hole in the gutta- 
percha plate. On all these occasions the numerous compari- 
sons which were made gave for the line in Sirius a very slightly 
lower refrangibility than that of the line of hydrogen, but on 
no one occasion was the air steady enough for a satisfactory 
determination of the amount of difference of refrangibility. 

I have not been able to detect any probable source of error 
in this result, and it may therefore, I believe, be received as 
representing a relative motion of recession between Sirius and 
the earth. 

The probability that the substance in Sirius by which this 
line is produced is really hydrogen is strengthened almost to 
certainty by the consideration that there is a strong line in the 
red part of the spectrum which is also coincident with a strong 
line of hydrogen. There is a third line more refrangible than F, 
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which appears to coincide with the line of hydrogen in that part 
of the spectrum. 

As the line in Sinus is more expanded than that of the 
vacuum-tube, it seemed of importance to have proof from experi- 
ment that this line of hydrogen, when it becomes broad, expands 
equally in both directions. I made the comparisons of the 
narrow line of the vacuum-tube with the more expanded band 
which appears when denser hydrogen is employed. For this 
purpose the intersection of the wires of the eyepiece was brought, 
as nearly as could be estimated, upon the middle of the expanded 
line which is produced by dense hydrogen. The vacuum-tube 
was then arranged before the slit, when the narrow line which it 
gives was observed to fall exactly upon the point of intersection 
of the wire. Under these terrestrial conditions the expansion of 
the line may be considered to take place to an equal amount in 
both directions. There is very great probability that a similar 
equal expansion takes place under the conditions which determine 
the absorption of light by this gas in the atmosphere of Sirius^ 
for the reason that the nebulosity at the edges of the line in the 
spectrum of that star is sensibly equal on both sides. 

I made some attempts to compare the strong line at c with 
the corresponding line of hydrogen ; but when the large spec- 
troscope was employed, though the lines could be seen with 
tolerable distinctness, they were not bright enough to admit of 
a trustworthy determination of their relative position. When 
one of the compound prisms was removed, the lines were much 
more easily seen, but under these circumstances the amount of 
dispersion was insufficient for my present purpose. 

The lines of Sirius which, in conjunction with Dr. Miller, I 
had compared with those of iron, magnesium, and sodium, are 
not sufficiently well seen in our latitude for comparison when a 
powerful train of prisms is employed, such as is necessary for 
this special inquiry. 

From these observations it may, I think, be concluded that 
the substance in Sirius which produces the strong lines is really 
hydrogen, as was stated by Dr. Miller and myself in our former 
j)aper. Further, that the aggregate result of the motions of the 
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star and the earth in space^ at the time when the ohservations 
were made, was to degrade the refrangibility of the line in Sinus 
by an amount corresponding to 0040 of the micrometer screw. 
Now the value of the wave-lengths of 001 division of the 
micrometer at the position of F is 0*02725 millionth of a 
millimetre.^ The total degradation of refrangibility observed 
amounts to 01 09 millionth of a millimetre. If the velocity of 
light be taken at 185,000 * miles per second, and the wave-length 
of F at 48650 millionths of a millimetre (Angstrom's value is 
48652, Ditscheiner*s 486'49), the observed alteration in period 
of the line in Sirius will indicate a motion of recession existing 
between the earth and the star of 41*4 miles per second. 

Of this motion a part is due to the earth's motion in space. 
As the earth moves round the sun in the plane of the ecliptic, it 
is changing the direction of its motion at every instant. There 
are two positions, separated by 180®, where the eflfect of the 
earth's motion is a maximum ; namely, when it is moving in 
the direction of the visual ray, either towards or from the star. 
At two other positions in its orbit, at 90° from the former 
positions, the earth's motion is at right angles to the direction 
of the light from the star, and therefore has no influence on its 
refrangibility. 

The effect of the earth's motion will be greatest upon the light 
of a star situated in the plane of the ecliptic, and will decrease 
as the star's latitude increases, until, with respect to a star 
situated at the pole of the ecliptic, the earth's motion during the 

^ The Talne in waTe-lengths of the divisions of the micrometer for different 
parts of the spectmm was determined by the aid of the tables of the wave- 
lengths corresponding to eveiy tenth line of Kirchhoff's map by Dr. Wolcott 
Gibbs (Silliman's Journal, voL zliii. January 1867). A paper on the same 
subject by the Astronomer Royal, presented to the Royal Society, is not yet in 
print. The Astronomer Royal's paper is contained in the Philosophical Trans- 
actions for 1868, Part I. p. 29. The wave-lengths computed by him differ 
slightly from those assigned to Kirchhoff's numbers by Dr. Gibbs at the part of 
the spectrum under consideration in the text. The difference is due in part to 
the employment, by the Astronomer Royal, of Ditscheiner's Ister measures. 
These give for Y the higher value of 486'87.~October 1868. 

^ The new determination of the value of the solar parallax by observations of 
Mars requires that the usually received velocity of light, 192,000 miles per 
second, should be reduced bjr about the one twenty- seventh part. The velocity, 
when diminished in this ratio, agrees nearly with the result ootained by Foucault 
from direct experiment. 
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whole of its annual course will be perpendicular to the direction 
of the light coming to us from it, and will be therefore without 
influence on its period. 

That part of the earth's resolved motion which is in the direc- 
tion of the visual ray, and which has alone to be considered in 
this investigation, may be obtained from the following formula: 

Earth's motion towards star = v. eoa X. sin {I — r), 

where v is the earth's velocity, I the earth's longitude, /' the 
star's longitude, and \ the star's latitude. 

At the time when the estimate of the amount of alteration of 
period of the line in Sirius was made the earth was moving 
from the star with a velocity of about twelve miles i)er second. 

There remains unaccourUed for a motion of recession from the 
earth amounting to 29*4 miles per second^ which we appear to he 
entitled to attribute to Sirius. 

It may be not unnecessary to state that the solar motion in 
space, if accepted as a fact, will not materially affect this result, 
since, according to M. Otto Struve's calculations, the advance of 
the sun in space takes place with a velocity but little greater 
than one-fourth of the earth's motion in its orbit. If the apex 
of the solar motion be situated in Hercules, nearly the whole of 
it will be from Sirius, and will therefore diminish the velocity 
to be ascribed to that star. 

It is interesting, in connection with the motion of Sirius, 
deduced from these prismajiic observations, to refer to the 
remarkable inequalities which occur in the rather larger proper 
motion of that star. In 1851 M. Peters^ showed that the 
variable part of the proper motion of Sirius in right ascension 
might be represented by supposing that Sirius revolves in an 
elliptic orbit, round some centre of gravity without itself, in a 
period of 50093 years. This hypothesis has acquired new 
interest, and seems indeed to have received confirmation from 
direct observation by Alvan Clark's discovery of a small com- 
panion to Sirius. 

* Astron. Nachrichten, No. 748. 
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Professor Safford^ and Dr. Auwers* have investigated the 
periodical variations of the proper motion of Sirius in decli- 
nation, and they have found that these variations, equally with 
those in right ascension, would be reconcilable with an elliptic 
orbital motion round a centre not in Sirius. The close coinci- 
dence of the observed positions of the new satellite with those 
required by theory seems to show that it may be the hypothetical 
body suggested by Peters, though we must then suppose it to 
have a much greater mass relatively to Sirius than that which 
its light would indicate. 

At the present time the proper motion of Sirius in declination 
is less than its average amount by nearly the whole of that part 
of it which is variable. May not this smaller apparent motion 
be interpreted as showing that a part of the motion of the star 
is now in the direction of the visual ray f This circumstance 
is of much interest in connection with the result arrived at in 
this paper. 

Independently of the considerations connected with the vari- 
able part of the star's proper motion, it must not be forgotten 
that the whole of the motion which can be directly observed by 
us is only that portion of its real motion which is at right angles 
to the visual ray. Now it is precisely the other portion of it, 
which we could scarcely hope to learn from ordinary observations, 
which is revealed to us by prismatic investigations. By com- 
bining the results of both methods of research we may perhaps 
expect to obtain some knowledge of the real motions of the 
brighter stars and nebulse. 

It seems therefore desirable to compare with the result 
obtained by the prism the motion of Sirius which corresponds 
to its assumed constant proper motion. The values adopted by 
Mr. Main,' and inserted by the Astronomer Royal in the 
Greenwich '* Seven-year Catalogue," are — C'DSo in R.A. and 
+ l'-24 in N.P.D. 

^ Proceedings of the American Academy, toI. vi. ; also Astron. Kotioes, Ann. 
Arbor, No. 28 ; Monthly Notices, vol. xxii. p. 145. 

* Action. Nachrichten, No. 1606 ; Monthly Notices, vol. xxii. p. 148, and 
vol. XXV. p. 89. 

Memoirs of the Royal Astronomical Society, vol. xix. 
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The parallax of Sinus from the observations of Henderson, 
corrected by Bessel, = CloO. A recent investigation, by 
Mr. C. Abbe,^ gives for the parallax the laiger value of 0''27. 
If the radius of the earth's orbit be taken at its new value of 
91,600,000 miles, the assumed annual constant proper motion 
in N.P.D. of V'24i would indicate, with the parallax of 
Henderson, a velocity of Sirius of twenty-four miles nearly 
per second ; with the larger parallax of Mr. Abbe, a velocity 
of 432 miles per second. It may be that in the case of Sirius 
wc have two distinct motions ; one peculiar to the star, and a 
second motion which it may share in common with a system of 
which it may form a part. 

Observations and comparisons, similar to those on Sirius, have 
been made on a Canis Minoris, Castor, Betelgeux, Aldebaran, 
and some other stars. I reserve for the present the results 
which I have obtained, as I desire to submit these objects to a 
re-cxamination. It is seldom that the air is sufficiently favourable 
for the successful prosecution of this very difficult research. 



§ V. Observations of Canut IL J 868. 

On June 13 a comet was discovered by Dr. Winnecke, and 
also independently the same night by M. Becquet, Assistant 
Astronomer at the Observatory of Marseilles. 

I was prevented by buildings existing near my Observatory 
from making observations of this comet before June 22. On 
that evening the comet was much brighter than Brorsen's comet, 
a description of the spectrum of which I recently presented to 
the Royal Society,^ and it gave a spectrum sufficiently distinct 
for measurement and comparison with the spectra of terrestrial 
substances. 

Telescopic Aiypccirance of the Cornet, — A representation of the 
comet as it appeared on June 22 at 11 P.M. is given in Fig. 110, 
p. 326. The comet consisted of a nearly circular coma, which 

* Monthly Notices of the Royal Astronomical Society, vol. xxviiL p. 2. 
- Troc. Roy. Soc. vol. xvi. p. 386. 
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became rather suddenly brighter towards the centre, where there 
was a nearly round spot of light. The diameter of the coma, 
including the exterior faint nebulosity, was about 6'20*. The 
tail, which was traced for more than a degree, was sharply 
defined on the following edge, but faded so gradually away 
on the opposite side that no limit could be perceived. No con- 
nection was traced between the tail and the brighter central part 
of the coma. The circular form of the coma was uninterrupted 
on the side of the tail, which appeared as an extension of the 
faint nebulosity which formed the extreme margin of the coma. 

The bright roundish spot of light in the centre, when exa- 
mined with eyepieces magnifying from 200 to 600 diameters, 
presented merely a nebulous light without a defined form. 

Specti-um oftlie Comet. — When a spectroscope furnished with 
two prisms of 60° was applied to the telescope, the light of the 
comet was resolved into three very broad bright bands, which 
are represented in the diagram. (Fig. 109.) 

In the two more refrangible of these bands the light was 
brightest at the less refrangible end, and gradually diminished 
towaixis the other limit of the bands. This gradation of light 
was not uniform in the middle and brightest band, which 
continued of nearly equal brilliancy for about one-third of its 
breadth from the less refrangible end. This band appeared to 
be commenced at its brightest side by a bright line. 

The least refrangible of the three bands did not exhibit a 
similar marked gradation of brightness. This band, though of 
nearly uniform brilliancy throughout, was perhaps brightest 
about the middle of its breadth. 

These characters, which are peculiar to the light emitted by 
the cometary matter, must be distinguished from some appear- 
ances which the bands assumed in consequence of the mode of 
distribution of the light in the coma of the comet. The two 
more refrangible bands became narrower towards their most 
refrangible side, as well as diminished in brightness. This 
appearance was obviously not due to any dissimilarity of the 
light in the parts of the coma, but to the circumstance that, as 
the light of the coma became brighter towards the centre, it was 
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emitted by a smaller area of the cometary matter. The strong 
light of the central spot could be traced the whole breadth of 
the baud ; but the light surrounding this spot, in proportion as 
it became fainter and broader, was seen for a shorter distance, 
so that the light from the faintest parts near the margin of the 
coma was visible only at the brightest side of the band. Since 
in the least refrangible band a similar gradation of light did 
not take place, this band appeared of nearly the same width 
throughout. 

The increasing brightness of the coma up to the brilliant spot 
in the centre showed itself in this band as a bright axial line 
fading off gradually in both directions. 

On this evening I took repeated measures of the positions of 
these bands with the micrometer attached to the spectroscope. 
These measures give the following numbers for the commence- 
ment and termination of the three bands on the scale adopted in 
the diagram : — 



First band | JJ^*; Second band 1 1^' Third band | 



15S9. 
1700. 



I could not resolve the bands into lines. When the sht 
was made narrower, the bands became smaller both in breadth 
and length, from the invisibility of the fainter portions. I 
suspected, however, the presence of two or three bright lines in 
the bright central part of the middle band near its less refran- 
gible limit. This part would consist chiefly of light from the 
bright central spot. 

As has been stated, the middle band commences probably 
with a bright line ; for the limit of the band is here abrupt, and 
distinct. On the contrary, the exact point of commencement 
and termination of the other bands could not be observed with 
certainty. 

I could perceive no other bands, nor light of any kind beyond 
the three bands, in the parts of the spectrum towards the red 
and the violet. 

When the marginal portions of the coma were brought upon 
the slit, the three bands of light could still be traced. When, 
liowever, the spectrum became very faint, it appeared to me to 



APPEND. D.] ON THE 8PECTBA OF STARS AND NEBULJS. 381 

become continuous ; but the light was then so very feeble that 
it could not be traced beyond the three bands towards the violet 
or the red. 

On this evening I observed the spectrum of the comet in a 
larger spectroscope, which gives a dispersion equal to about five 
prisms. In this instrument the middle band was wdl seen. It 
retained its nebulous, unresolved character, and the abrupt 
commencement, as if by a bright line, already mentioned, was 
distinctly seen. 

For convenience of comparison, the spectrum of Brorsen's 
comet, and that of the gaseous nebulae, have been added to the 
diagram, Fig. 109. The spectrum of Brorsen's comet consisted 
of three bright bands and a faint continuous spectrum. These 
bands appeared, as represented in the diagram, narrower than 
those of the comet now under examination. It is not possible 
to say to what extent this circumstance may bo due to the 
much feebler light of this comet. Though the bands of 
Brorsen's comet fall within the limits of position occupied 
by the broad bands of Comet II., they do not correspond to the 
brightest parts of these bands. In the middle band I suspected 
two bright lines which appeared shorter than the band, and may 
be due to the nucleus. Brorsen's comet diflfered from the two 
small comets which I had previously examined ^ in the much 
smaller relative proportion of the light which forms a continuous 
spectrum. In Brorsen's comet the bright middle part of the 
coma seemed to emit light similar to that of the nucleus ; in the 
other comets the coma appeared to give a continuous spectrum. 
The three comets resembled each other in the circumstance 
that the light of the central part was emitted by the cometary 
matter, while the surrounding nebulosity reflected solar light. 

It will be seen in the diagram that the bands of Brorsen's 
comet and those of Comet II. occupy positions in the spectrum 
widely removed from those in which the lines of the nebuIsB 
occur. The spectra of gaseous nebulae consist of true lines, 
-which become narrow as the slit is made narrower. 

^ Comet I. 1866, Proceedings, vol. xv. p. 5 ; and Comet 1867, Monthly Notices 
of Royal Astronomical Society, vol. xxviL p. 288. 
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The following day I carefully consiilered these obsen-ations 
of the comet, with the hope of a possible identiGcation of its 
spectrum with that of some terrestrial substance. The spectrum 
of the comet appeared to me to resemble some of the forms of 
the spectrum of carbon which I had observed and carefallr 
measured in 1864. On comparing the spectrum of the comet 
with the diagram of these spectra of carbon, I was much inter- 
ested to perceive that the positions of the bands in the spectrumi 
{IS well as their general characters and relative brightness, agreed 
exactly with the spectrum of carbon when the spark is taken in 
oleiiant gas. 

These obser\'ations on the spectrum of carbon were under- 
taken in continuation of my researches " On the Spectra of the 
Chemical Elements.** ^ I have not presented them to the Royal 
Society, as they are not so complete as I hope to make them. 

Though the essential features of the spectrum of carbon 
remained unchanged in all the experiments, certain mollifications 
were observed when the spectrum was obtaine<l under different 
conditions. One of those modifications, which was referred 
to in my paper "On the Spectra of the Chemical Elements,*** 
may be mentioned here. One of the strongest of the lines of 
carbon is a line in the red a little less refrangible than the 
hydrogen line, which corresponds to Fraunhofer s c. Now this 
lino is not seen when the carbon is subjected to the induction 
K])ark in the presence of hydrogen. Two of the other mollifica- 
tions of the spectrum of carbon are given in Fig. 100. The first 
six'otruni represents the appearance of the spectrum of carbon 
when the induction spark, with Leyden jars intercalated, was 
taken between the points of wires of platinum sealed in glass 
tubes, and placed almost in contact in olive-oil. In this sjiec- 
tnuu are seen tlie principal strong lines which distinguish carbon. 
The shading of tine lines which accompanies the strong linos 
cannot Ik? accurately represented, on account of the small size 
of the diaoram. A spectrum essentially the same is ])r(Kluce«l 
when the spirk is taken in a cunent of cyanogen. It may 
Ik} mentioned that when the heating power of the spark was 

> riiil. TiMiiM. 18r>4, p. VMK • n»i<l. p. 14.1. 
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reduced below a certain limit, though the decomposition of the 
oil still took place, the carbon was not volatilized, and the 
spectrum was continuous. 

The third spectrum in the diagram represents the modification 
of this typical spectrum when the induction spark is taken in 
a current of olefiant gas. The highly-heated vapour of carbon 
emits light of the same refrangibilities as in the case of the 
oil; but the separate strong lines, with a similar power of 
spark, were no longer to be distinguished. The shading, when 
the carbon was obtained from the olefiant gas, was not com- 
posed of numerous fine lines, but appeared as an unresolved 
nebulous light. 

Of course in all these experiments the lines of the other 
elements present were also seen, but they were known, and 
could therefore be disregarded. 

In the case of the spark in olefiant gas, the three bands 
in the diagram constitute the whole spectrum, with the 
exception of a faint band in the more refrangible part of the 
spectrum. 

It was with the spectrum of carbon, as thus obtained, that the 
spectrum of the comet appeared to agree. It seemed, therefore, 
to be of much importance that the spectnim of the spark in ole- 
fiant gas should be compared directly in the spectroscope with 
the spectrum of the comet. The comparison of the gas with the 
comet was made the same evening, June 23. 

My friend Dr. William Allen Miller visited the Observatory 
on this evening, and kindly took part in the following obser- 
vations. 

The general arrangements of the apparatus with which 
the comparison was made is shown in the following diagram 
(Fig. 119). 

A glass bottle converted into a gasholder, a, contained the 
olefiant gas. This was connected by means of a flexible tube h, 
into which were soldered two platinum wires. The part of the 
tube in fi-ont of the points of the wires had been cut away, and 
the surfaces carefully ground. A small plate of glass closed 
the opening, being held in its place by a band of vulcanized 
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india-rubber. This tube was arranged in its proper positiou, 
before the small rairnir of the spectroscope c, by which the 
light of the spark was reflected iota the instrumeiit, aud its 
spectrum was seen immediately beneath the spectnim of the 
comet. The spectroscope employed was furnished with two 
prisms of 60°. 

The brightest end of the middle band of the cometic spectmrn 
was seen to be coincident with the commencement of the corre- 
sponding band in the spectrum of the spark. Aa this limit of 




the band was well defined in both spectra, the coincidence could 
be satisfactorily observed up to the power of the spectroscope, 
and may be considered to be determined within about the 
distance which separates the components of the double lino D. 
As the limits of the other bonds were less distinctly seen, the 
same amount of certainty of exact coincidence could not be 
obtained. We considered these bands to agree precisely in 
position with the bands corresponding to them in the apect nm 
of the spark. 
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The apparent identity of the spectrum of the comet with 
that of carbon rests not only on the coincidence of position 
in* the spectrum of the bands, but also upon the very re- 
markable resemblance of the corresponding bands in their 
general characters, and in their relative brightness. This is 
very noticeable in the middle band, where the gradation of 
brightness is not uniform. This band in both spectra re- 
mained of nearly equal brightness for the same proportion 
of its length. 

On a subsequent evening, June 25, I repeated these com- 
parisons, when the former observations were fully confirmed in 
every particular. On this evening I compared the brightest 
band with that of carbon in the larger spectroscope, which gives 
a dispersion of about five prisms. 

The remarkably close resemblance of the spectrum of the 
comet to the spectrum of carbon necessarily suggests the 
identity of the substances by which in both cases the light was 
emitted. 

It may be well to state that some phosphorescent and fluor- 
escent bodies give discontinuous spectra, in which the light 
is restricted to certain ranges of refrangibility. There are, 
however, several considerations which seem to oppose the idea 
that the light of comets can be of a phosphorescent character. 
Phosphorescent bodies are usually so highly reflective that the 
phosphorescence emitted by them is not seen so long as they are 
exposed to light. This comet was still in the full glare of the 
sun, and yet the continuous spectrum corresponding to reflected 
solar light was of extreme feebleness compared with the three 
bright bands which we have under consideration. The pheno- 
menon of phosphorescence seems to be restricted to bodies in 
the solid state, a condition which is not apparently in accordance 
with certain phenomena which have been observed in large 
comets, such as the outflow of the matter of the nucleus and 
the formation of successive envelopes. 

There are, indeed, some phenomena of fluorescence, such as 
that of a nearly transparent liquid becoming an object of some 
brightness by means of the property which it possesses of 

c c 
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absorbing the nearly invisible rays of the spectrum, and dispers- 
ing them in a degiaded and much more luminous form, which 
are less obviously inconsistent with cometaiy phenomena than 
are those of phosphorescence. 

The violent commotions and internal changes which we witness 
in comets when near the sun seem, however, to connect the great 
brightness which they then assume more closely with the part 
of the solar force we call heat. There is also to be considered the 
fact of the polarized condition of the light of the tail and some 
parts of the comae of comets, which shows that a part of their 
light is reflected. 

The observations of the spectrum of Comet II. contained in 
this paper, which show that its light was identical with that 
emitted by highly -heated vapour of carbon, appear to be almost 
decisive of the nature of cometary light. The great fixity of 
carbon seems indeed to raise some diflSculty in the way of 
accepting the apparently obvious inference of these prismatic 
observations. Some comets have approached the sun suflSciently 
near to acquire a temperature high enough to convert even car- 
bon into vapour.^ Indeed for these comets a body of great fixity 
seems to be necessary. In the case of comets which have been 
submitted to a less fierce glare of solar heat, it may be suggested 
that this supposed difficulty is one of degree only ; for we do not 
know of any conditions under which even a gas, permanent at 
the temperature of the earth, could maintain sufficient heat to 
emit light, a state of things which appears to exist permanently 
in the case of the gaseous nebulaB. 

If the substance of the comet be taken to be pure carbon, it 
would appear probable that the nucleus had been condensed from 
the gaseous state in which it existed at some former period. It 
would therefore probably consist of carbon in a state of ex- 
cessively minute division. In such a form it would be able to 

^ The Comet of 1843 " approached the luminous surface of the sun within about 
a seventh part of the sun's radius. The lieat to which the comet was subjected 
(a glare as strong as that of 47,000 suns, such as we experience the warmth of) 
surpassed that in the focus of Parker's great lens in the proportion of 24^ to 1 
witliout, or 3.^ to 1 with, the concentrating lens. Yet that lens so used melted 
conielian, agate, and rock-crystal. " — SiK John Ubrschel, Outlines of Astronomj, 
7th edit. p. 401. 
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take in nearly the whole of the sun's energy, and thus acquire 
more speedily a temperature high enough for its conversion into 
vapour. In the liquid or gaseous state, or in a continuous solid 
state, this substance appears, from Dr. Tyndall's researches, to 
be diathermanous. Still, under the most favourable of known 
conditions, the solar heat, to which the majority of comets are 
subjected, would seem to be inadequate to the production of 
luminous vapour of carbon. 

It should be stated that defiant gas when burnt in air may 
give a similar spectrum of shaded bands. If the gas be ignited 
at the orifice of the tube from which it issues, the flame is 
brilliantly white, and gives a continuous spectrum. When a jet 
of air is directed through the flame, it becomes less lu ruinous, and 
of a greenish-blue colour. The spectrum is now no longer con- 
tinuous, but exhibits the bands distinctive of carbon. Under 
these circumstances, for obvious reasons, the bright lines of the 
hydrogen spectrum are not seen. In this way a spectrum re- 
sembling that of the comet may be obtained, with the difference 
that the fourth more refrangible band, which was not seen in the 
cometic spectrum, is stronger relatively to the other bands than 
is the case when the spark is taken in defiant gas. If we were 
to conceive the comet to consist of a compound of carbon and 
hydrogen, we should diminish in some degree the necessity for 
the excessively high temperature which pure carbon appears 
to require for its conversion into luminous vapour : but other 
difficulties would arise in connection witli the decomposition 
we must then suppose to take place ; for we have no evidence, I 
believe, that olefiant gas or any other known compound of carbon 
can furnish this peculiar spectrum of shaded bands without 
undergoing decomposition. If, indeed, it were allowable to 
suppose a state of combustion, with oxygen or some other 
element, set up by the solar heat, we should have an explanation 
of a possible source of a degree of heat sufficient to render the 
cometary matter luminous, and which the sun's heat would be 
directly inadequate to produce. 

There is one observation made by Bunsen which appears to 
stand as an exception to the rule that only bodies in the gaseous 

c c 2 
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state give, when luminous, discontinuous spectra. Bunsen dis- 
covered that solid erbia, when heated to incandescence, gives a 
spectrum containing bright bands. It is therefore conceivable, 
though all the evidence we possess from experience is opposed to 
the supposition, that carbon might exist in some form in which it 
would possess a similar power of giving a discontinuous spec- 
trum without volatilization. There is the further objection to 
this hypothesis, that the telescopic phenomena observed in 
comets appear to show that vaporization does usually take place. 
However this may be, a state of gas appears to accord with 
the very small power of reflection which the matter of the 
coma of this comet possessed, as was shown by the great faint- 
ness of the continuous spectrum. 

A remarkable circumstance connected with comets is the 

great transparency of the bright cometary matter. The most 

remarkable instance is that of Miss Mitchell's comet in 1847, 

which passed centrally over a star of the fifth magnitude. " The 

star's light appeared in no way enfeebled : yet such a star would 

be completely obliterated by a moderate fog extending a few 

yards from the surface of the earth." ^ We do not know what 

amount of transparency is possessed by the vapour of carbon, 

but the absence of a continuous spectrum seems to show that, as 

it existed in the comet, it was almost perfectly transparent. The 

light of a star would suffer, therefore, only that kind and degree 

of absorption which corresponds with its power of radiation, as 

shown by its spectrum of bright lines. As these occur in the 

brightest part of the spectrum, we should expect a noticeable 

diminution of the star's light, if it were not for the luminous 

condition of the gas, in consequence of which it would give back 

to the beam light of precisely the same refrangibilities as it had 

taken, and so enable the part of the field occupied by the image 

of the star to appear of its original brightness, or nearly so. 

Tliis state of things would not prevent an apparent diminution 

of the star's light from the effect upon the eye of the brightness 

of the surrounding field. In the case of the tails of comets, the 

great transparency observed is more probably to be referred to 

* Outlines of Astronomy, p. 373. 
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the widely-scattered condition of the minute particles of the 
cometary matter. 

I may be permitted to repeat here a paragraph from my paper 
on the Spectrum of Comet I. 1866.^ 

" Terrestrial phenomena would suggest that the parts of a 
comet which are bright by reflecting the sun's light are probably 
in the condition of fog or cloud. 

** We know from observation, that the comae and tails of 
comets are formed from the matter contained in the nucleus.* 

"The usual order of the phenomena which attend the for- 
mation of a tail appears to be that, as the comet approaches the 
sun, material is thrown ofl^, at intervals, from the nucleus in the 
direction towards the sun. This material is not at once driven 
into the tail, but usually forms in front of the nucleus a dense 
luminous cloud, into which for a time the bright matter of the 
nucleus continues to stream. In this way a succession of 
envelopes may be formed, the material of which afterwards is 
dissipated in a direction opposite to the sun, and forms the tail. 
Between these envelopes dark spaces are usually seen. 

'* If the matter of the nucleus is capable of forming by con- 
densation a cloudlike mass, there must be an intermediate state 
in which the matter ceases to be self-luminous, but yet retains 
its gaseous state, and reflects but little light. Such a non- 
luminous and transparent condition of the cometary matter may 
possibly be represented by some at least of the dark spaces 
which, in some comets, separate the cloudlike envelopes from 
the nucleus and from each other." 

^ Proc. Roy. Soc. vol. xv. p. 5. 

' The head of Halley's comet in 1835 in a telescope of great power " exhibited 
the appearance of jets as it were of flame, or rather of luminous smoke, like a gas 
fan-light. These varied from day to day, as if wavering backwards and forwards, 
as if they were thrown out of particular parts of the internal nucleus or kernel, 
which shifted round, or to and fro, by their recoil, like a squib not held fast. 
The bright smoke of these jets, however, never seemed to be able to get far out 
towards the sun, but always to be driven back and forced into the tail, as if by 
the action of a violent wind setting against them (always frovi the sun), so as to 
make it clear that the tail is neither more nor less than the accumulation of this 
sort of luminous vapour darted off, in thejirst instance towards the sun, as it were 
something raised up and, as it were, exploded by the sun's heat out of the kernel, 
and then immediately and forcibly turned back and repcllal from the sun." — 
Sib John Heuschel, Familiar Lectures on Scientific Subjects, p. 115. 
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Now considerable differences of colour have been remarked in 
the diflferent parts of some comets. The spectrum of this comet 
would show that its colour was bluish-green. Sir W. Herschel 
described the head of the comet of 1811 to be of a greenish or 
bluish-green colour, while the central point appeared to be of a 
pale ruddy tint. The representations of Halley's comet at its 
appearance in 1835, by the elder Struve, are coloured bluish- 
green, and the nucleus on October 9 is coloured reddish-yellow. 
He describes the nucleus on that day thus : " Der Kern zeigtc 
sich wie eine kleine, etwas ins Gelbliche spielende, gliihende 
Kohle von liinglicher Form." ^ Dr. Winnecke describes similar 
colours in the bright Comet of 1862 : " Die Farbe des Strabls 
erscheint mir gelbrothlich ; die des umgebenden Nebels (viel- 
leicht aus Contrast) mattblaulich." " Die Farbe der Ausstromung 
erscheint mir gelblich ; die Coma hat blauliches Licht." * 

Now carbon, if incandescent in the solid state, or reflecting, 
when in a condition of minute division, the light of the sun, 
would aflford a light which, in comparison with that emitted by 
the luminous vapour of carbon, would appear as yellowish or 
approaching to red. 

The views of comets presented in this paper do not, however, 
aflford any clue to the great mystery which surrounds the 
enormous rapidity with which the tail is often projected to 
immense distances. There are not any known properties peculiar 
to carbon, even when in a condition of extremely minute division, 
which would help to a solution of the enigma of the violent 
repulsive power from the sun which appears to be exerted upon 
cometary matter shortly after its expulsion from the nucleus, 
and upon matter in this condition only. It may be that this 
apparent repulsion takes place at the time of the condensation 
of the gaseous matter of the coma into the excessively minute 
solid particles of which the tail probably consists. There is a 
phenomenon occasionally seen which must not be passed without 
notice, namely, the formation of faint narrow rays of light, or 
secondary tails, which start oflf usually from the brightest side of 

1 T5<»obachtungen dos Halleyschen Comet^n, S. 41. 

2 Alemoires de TAcadeinie Imperiale des Sciences de St. reterabonTg,"t. vii. No. 7. 
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the principal tail, not far from the head. Sir John Herschel * 
considers that " they clearly indicate an analysis of the cometic 
matter by the sun's repulsive action, the matter of the secondary 
tails being darted oflf with incomparably greater velocity (indi- 
cating an incomparably greater intensity of repulsive energy) 
than that which went to form the primary one." The important 
differences which exist between the spectrum of Brorsen's comet 
and that of Comet II. 1868 appear to show that comets may 
vary in their constitution. If the phenomena of the secondary 
tails were observed in a comet which, like Comet II. 1868, 
appears to consist of carbon, the analytical action supposed by 
Sir John Herschel might be to separate between particles of 
carbon in different conditions, or possibly in a state of more or 
less subdivision. The enormous extent of space, sometimes a 
hundred millions of miles in length, over which a comparatively 
minute portion of cometary matter is in this way diffused, would 
suggest that we have in this phenomenon a remarkable instance 
of the extreme division of matter. Perhaps it would be too 
bold a speculation to suggest that, under the circumstances 
which attend the condensation of the gaseous matter into 
discrete solid particles, the division may be pushed to its utmost 
limit, or nearly so. If we could conceive the separate atoms to 
be removed beyond the sphere of their mutual attraction of 
cohesion, it might be that they would be affected by the sun's 
energy in a way altogether different from that of which we have 
been hitherto the witnesses upon the earth. 

Though comets may differ in their constitution, reference may 
be permitted to the periodical meteors, which have been shown 
to move in orbits identical with those of some comets. If these 
consist of carbon, we might have some explanation of the ap- 
pearances presented by these meteors, though their light is 
doubtless greatly modified by that of the air rendered luminous 
by their passage, as well as by the degree of temperature to 
which they are raised. Carbon is abundantly present in some 
meteorites, but we have no certain evidence at present that the 
periodical meteors belong to this class of celestial bodies. 

^ Familiar Lectures on Scientific Subjects, p. 129. 
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APPENDIX E. 

ON THE SPECTRUM OF THE GREAT NEBULA IN ORION, AND ON 
THE MOTIONS OF SOME STARS TOWARDS OR FROM THE EARTH.^ 

BY WILLIAM HUOOINS, LL.D., D.C.L., FJLS. 

In my early observations of the spectrum presented by the 
gaseous nebulae, the spectroscope with which I determined the 
coincidence of two of the bright lines respectively with a line of 
nitrogen and a line of hydrogen, was of insufficient dispersive 
power to show whether the brightest nebular line was double, as 
is the case with the corresponding line of nitrogen. 

Subsequently I took some pains to determine this important 
point by using a spectroscope of greater dispersive power. I 
found, however, that the light furnished by the telescope of eight 
inches aperture, to which the spectroscope was attached, was too 
feeble, even in the case of the brightest nebulae, to give the line 
with sufficient distinctness when a narrow slit was used. The 
results of this later examination are given in a paper I had 
the honour of presenting to the Royal Society in 1868. I 
there say : ^ — 

" I expected that I might discover a duplicity in the line in 
the nebula corresponding to the two component lines of the line 
of nitrogen, but I was not able, after long and careful scrutiny, to 
see the line double. The line in the nebula was narrower than 
the double line of nitrogen ; this latter line may have appeared 
broader in consequence of irradiation, as it was much brighter 
than the line in the nebula." When the spark was placed before 
the object-glass of the telescope, the light was so much weakened 
that one line only was visible in the spectroscope. " This line 
was the one which agrees in position with the line in the nebula, 
so that under these circumstances the spectrum of nitrogen 

^ Paper read before the Royal Society, June 13, 1872. 
« Phil. Trans. 1868, pp. 542, 543. 
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appeared precisely similar to the spectra of these nebulae, of 
which the light is apparently monochromatic. This resemblance 
was made more complete by the faintness of the line ; from 
which cause it appeared narrower, and the separate existence of 
its two components could no longer be detected. When the line 
was observed simultaneously with that in the nebula, it was 
found to appear but a very little broader than that line/' I also 
remark : " The double line in the nitrogen-spectrum does not 
consist of sharply defined lines, but each component is nebulous, 
and remains of a greater width than the image of the slit.^ The 
breadth of these lines appears to be connected with the conditions 
of tension and temperature of the gas. Fllicker states that when 
an induction spark of great heating power is employed, the 
lines expand so as to unite and form an undivided band. Even 
when the duplicity exists, the eye ceases to have the power to 
distinguish the component lines, if the intensity of the light be 
greatly diminished." I state further : " I incline to the belief 
that it [the line in the nebula] is not double." 

One of the first investigations which I proposed to myself 
when, by the kindness of the Royal Society, I had at my com- 
mand a much more powerful telescope, was the determination of 
the true character of the bright line in the spectrum of the 
nebula, which is apparently coincident with that of nitrogen. 
From various circumstances, chiefly connected with the altera- 
tions and adjustments of new instruments, I was not able 
to accomplish this task satisfactorily until within the last 
few months. 

Description of ApparcUvs, 

It seems to me desirable to give a description of the spectro- 
scopic apparatus with which the observations in this paper were 
made. In the former paper, to which I have already referred, I 
gave some reasons * to show that the ordinary method of com- 
parison, by reflecting light into the spectroscope by means of a 
small prism placed before one half of the slit, is not satisfactory 

1 rhil. Trans. 1868, p. 13. » Ibid. 1868, pp. 637, 538. 
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for very delicate observations unless certain precautions are 
taken. I then describe an arrangement for this purpose, which, 
with one or two modifications, is adopted in the collimator 
constructed for use with the Royal Society's telescope. I give 
the description from that paper : ^ — 

"The following arrangement for admitting the light fix)m the 
spark appeared to me to be free from the objections which have 
been referred to, and to be in all respects adapted to meet the 
requirements of the case. In place of the small prism, two 
pieces of silvered glass were securely fixed before the slit at an 
angle of 45°. In a direction at right angles to that of the slit 
an opening of about j\ inch was left between the pieces of glass 
for the passage of the pencils from the object-glass. By means 
of this arrangement, the spectrum of a star is seen accompanied 
by two spectra of comparison, one appearing above and the 
other below it. As the reflecting surfaces are about 0*5 inch 
from the slit, and the rays from the spark are divergent, the 
light reflected from the pieces of glass will have encroached 
upon the pencils from the object-glass by the time they reach 
the slit, and the upper and lower spectra of comparison will 
appear to overlap to a small extent the spectrum formed by the 
light from the object-glass. This condition of things is of great 
assistance to the eye in forming a judgment as to the absolute 
coincidence or otherwise of lines. For the purpose of avoiding 
some inconveniences which would arise from glass of the ordi- 
nary thickness, pieces of the thin glass used for the covers of 
microscopic objects were carefully selected, and these were 
silvered by floating them upon the surface of a silvering 
solution. In order to ensure that the induction-spark should 
always preserve the same position relatively to the mirror, a 
piece of sheet gutta-percha was fixed above the silvered glass ; 
in the plate of gutta-percha, at the proper place, a small hole 
was made of about ^V ^^ch in diameter. The ebonite clamp con- 
taining the electrodes is so fixed as to permit the point of separa- 
tion of these to be adjusted exactly over the small hole in the 
gutta-percha. The adjustment of the parts of the apparatus 

1 Phil. Trans. 1868, p. 538. 
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was made by closing the end of the adapting-tube, by which the 
apparatus is attached to the telescope, with a diaphragm with a 
small central hole, before which a spirit-lamp was placed. 
When the lines from the induction-spark in the two spectra 
of comparison were seen to overlap exactly for a short 
distance the lines of sodium from the light of the lamp, the 
adjustment was considered perfect. The accuracy of adjustment 
has been confirmed by the exact coincidence of the three lines 
of magnesium with the component lines of b in the spectrum of 
the moon." 

The modifications of this plan consist in the substitution of a 
thin silver plate polished on both surfaces for the pieces of 
silvered glass. The opposite side of the silver plate to that from 
which the terrestrial light is reflected to the slit reflects the 
images formed by the object-glass to the side of the tube, where 
a suitable eyepiece is fixed. This arrangement forms a very 
convenient finder, for it is easy to cause the image of the star to 
disappear in the hole in the silver plate. When this is the case 
the line of light formed by the star falls on the slit, and its 
spectrum is visible in the spectroscope. This collimator is so 
constructed that, by means of a coupling screw, any one of three 
spectroscopes can be conveniently attached to it. 

This apparatus perfoims admirably ; but it seemed to me 
desirable, for observations of great delicacy, to be able to dis- 
pense with reflection, and to place the source of the light for 
comparison directly before the slit. Formerly I accomplished 
this object by placing the spark or vacuum-tube before the 
object-glass of the telescope. The great length of the present 
telescope renders this method inconvenient ; but a more impor- 
tant objection arises from the great diminution of the light when 
the spark is removed to a distance of 15 ft. from the slit. I there- 
fore resolved to place the spark or vacuum-tube within the tele- 
scope at a moderate distance from the slit. For this purpose holes 
were drilled in the tube opposite to each other, at a distance 
of 2 ft. 6 in. within the principal focus. Before these holes 
short tubes were fixed with screws ; in these tubes slide suitable 
holders for carrying electrodes or vacuum-tubes. The spark is 
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thus brought at once nearly into the axis of the telescope. The 
final adjustment is made in the following manner : — ^A bright 
star is brought into the centre of the field of an ordinary eye- 
piece ; the eyepiece is then pushed within the focus, when the 
wires or vacuum-tube can be seen across the circle of light 
formed by the star out of focus. The place of discharge between 
the electrodes or the middle of the capillary part of the vacuum- 
tube is then brought into the centre of the circle of light. The 
vacuum-tubes are covered with black paper, with the exception 
of a space about ^ i^^ch long in the middle of the capillaiy 
part ; through this small uncovered space alone can the light 
escape to reach the slit. 

The accuracy of both methods of comparison, that by reflection 
and that by the spark within the tube, was tested by the com- 
parison of the three bright lines of magnesium and the double 
line of sodium with the Fraunhofer lines b and D in the spectrum 
of the moon. I greatly prefer the latter method, because it is 
free from several delicate adjustments which are necessary when 
the light is reflected, and which are liable to be accidentally 
displaced. 

Spectroscope A is furnished with a single prism of dense glass 
with a refracting angle 59° 42', giving 5° 6' from A to H. 

Spectroscope n has two compound prisms of Mr. Grubbs 
construction, which move automatically to positions of minimum 
deviation for the diSerent parts of the spectrum. Each prism 
gives about 9° 6' for minimum deviation from A to H. 

Spectroscope c is furnished with four similar prisms. 

The small telescopes of the three spectroscopes are of the 
same size. Diameter of object-glass 1^ inch ; each is furnished 
with three eyepieces magnifying 5*5, 9*2, and 16*0 diameters. 

Spectrum of the Nebula of Orion, 

With spectroscopes A and B four lines are seen.^ 
First Line, — With spectroscope B and eyepiece 1 and 2, the 
slit being made very narrow, this line was seen to be very 

» The fourth line was first seen in nebula 18 H. IV. (Phil. Trans. 1864, p. 441). 
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narrow, of a width corresponding to the slit, and defined at 
both edges, and undoubtedly not double. The line of nitrogen 
when compared with it appeared double, and each component 
nebulous, and broader than the line of the nebula. This latter 
line was seen on several nights to be apparently coincident with 
the middle of the less refrangible line of the double line of 
nitrogen. This observation was on one night confirmed by 
observation with the more powerful spectroscope c. 

The question suggests itself whether, under any conditions of 
pressure and temperature, the double line of the nitrogen- 
spectrum becomes single ; and further, if this should be found 
to be the case, whether the line becomes single by the fading out 
of its more refrangible component, or in what other way the 
single line comes to occupy the position in the spectrum, not of 
the middle of the double line, but that of the less refrangible of 
the lines. 

I stated in my former paper that when for any reason the 
light from the luminous nitrogen is greatly reduced in intensity 
the double line under consideration is the last to disappear, and 
consequently a state of things may bo found in which the light 
of nitrogen is sensibly monochromatic when examined with a 
narrow slit.^ Under these circumstances the line of nitrogen 
appears narrower, and the separate components can be detected 
with difficulty, if at all. 

I stated also that the breath of the component lines appears 
to be connected with the conditions of density and temperature 
of the gas. As was to be expected from theoretical considera- 
tions, the lines become narrower and less nebulous as the 
pressure is diminished. My observations of this change seemed 
to show that the diminution of the breadth of the lines takes 
place chiefly at the outer sides of the lines, so that in the light 
from very rarefied gas the double line is narrower, but the space 
of separation between the components is not as much wider as 



^ Phil. Trans. 1868, pp. 540-546. Observations on this point were snbse- 
qnently made by Franklaud and Lockyer (Proc. Roy. Soc. vol. xvii. p. 453). It 
snould be stated that they make no reference to my observations, though they 
refer to a purely hypothetical suggestion contained in the same paper. 
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would be the case if the lines had equally decreased in width on 

the sides towards each other. 

When the pressure of the gas is reduced to about 15 inches of 
mercury, the Jine-spectrum fades out to give place to Pliickers 
spectrum of the first order. During this process a state of 
things occurs when, for reasons already stated, the spectrum 
becomes sensibly monochromatic when viewed with a narrow 
slit and a spectroscope of several prisms. The line is nan'ower, 
and remains double, and has the characters described in the 
preceding paragraph. 

As the pressure is diminished, the double line fades out 
entirely, and the spectrum of the second order gives place to 
the spectrum of the first order. When, however, the pressure 
becomes exceedingly small, from 01 inch to 005 inch, or less, of 
mercury, there is a condition of the discharge in which the line 
again appears, while the other lines remain very faint. Under 
these conditions I have always been able, though with some 
difficulty on account of the faint light when the necessary dis- 
persive power (spectroscope B with second or third eyepiece) 
and a narrow slit are used, to see the line to be double, but it is 
narrower than when the gas is more dense, and may be easily 
mistaken for a single line. I have not yet been able to find a 
condition of luminous nitrogen in which the line has the same 
characters as those presented by the line in the nebula, where it 
is single and of the width of the slit. 

Upon the whole I am still inclined to regard the line in the 
nebula as probably due to nitrogen. 

If this should be found to be the case, and that the nebular 
line has originally the refrangibility of the middle of the double 
line of nitrogen, then we should have evidence that the nebula 
is moving from the earth. The amount of displacement of the 
nebular line from the middle of the nitrogen double line corre- 
sponds to a velocity of 55 miles per second from the earth. At 
the time of observation the part of the earth's orbital motion, 
which was from the nebula, was 14*9 miles per second. From 
the remaining 40 miles per second would have to be deducted 
the probable motion from the nebula due to the motion of the 
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solar system in space. This estimation of the possible motion of 
the nebula can be regarded as only approximate. 

If the want of accordance of the line in the nebula with the 
middle of the double line of nitrogen be due to a recession of 
the nebula in the line of sight, there should be a corresponding 
displacement of the third line as compared with that of hydrogen. 
For reasons which will be found in a subsequent paragraph, I 
have not been able to make this comparison with the necessary 
accuracy. 

In my former paper ^ I gave reasons against supposing so 
large a motion in the nebula; these were based on the circum- 
stance that the nebular line falls upon the double nitrogen line, 
which the present observations confirm. I was not then able 
to use a slit suflSciently narrow to show that the nebular line is 
single and not coincident with the middle of the double line of 
nitrogen. 

I am still pursuing the investigation of the parts of this 
inquiry which remain unsettled. 

Second Line, — This line was found by my former comparison 
to be a little less refrangible than a strong line in the spectrum 
of barium. Three sets of measures give for this line a wave- 
length of 4,957 on Angstrom's scale ; this would show that 
the line agrees nearly in position with a strong line of iron. 
At present I am not able to suggest to what substance this line 
belongs. 

This line is also narrow and defined. I suspect that the 
brightness of this line relatively to the first line varies in diflFe- 
rent nebulae. 

Third and Fourth Lines. — My former observations show that 
these lines agree in position with two lines of the spectrum of 
hydrogen, that at F and the line near G. 

These lines are very narrow, and are defined ; the hydrogen, 
therefore, must be at a low tension. 

The brightness of these lines relatively to the first and second 
lines varies considerably in difierent nebulae ; and I suspect they 
may also vary in the same nebulae at difierent times, and even 

1 Phn. Trang. 1868, pp. 542, 648. 
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in different parts of the same nebula, but at present I have not 
suflScient evidence on these points.^ I regret that, in conse- 
quence of a continuance of bad weather, I have not yet been 
able to obtain decisive observations as to the possible motion of 
the nebula in the line of sight. With spectroscope B and eye- 
piece 2, the lines appear to be coincident with those of hydrogen. 
In consequence of the uncertainty of the character of the first 
line, which is single, while that of nitrogen is double, this deter- 
mination can now only be made by means of the comparison of 
the third line with that of hydrogen. This third line becomes 
very faint from great loss of light imavoidable in a spectro- 
scope that gives a sufficient dispersive power, and the comparison 
can only be attempted when the sky is very clear and the nebula 
near the meridian. 

On the Motions of some Stars towards or from the Earth. 

In the early part of 1868 I had the honour of presenting to 
the Royal Society some observations on a small change of re- 
frangibility which I had observed in a line in the spectrum of 
Sirius as compared with a line of hydrogen, from which it 
appeared that the star was moving from the earth with a velocity 
of about twenty five miles per second, if the probable advance 
of the sun in space be taken into account.^ 

^ Since writing this sentence I have seen a note by Professor D' Arrest in the 
" Astronomische Nachrichten," No. 1,885. Speaking of the nebula H. IV. 37, 
ho says : — " Sein Spectrum ist ausser von Hugglns bisher nur noch von Dr. H. 
Vogel untersucht worden. In No. 1,864, Astron. Nachr. theilt Letzterer mit, 
trotz er im Jahre 1871, im Widurspruch mit Huggins' Angabe, die Linie Neb. 
(3) = (2), bisweilen sogar (2) <r(3) gefuuden haben. Auch Huggins war dag^n 
im Jahre 1864 positiv (2)> (3). 1st Vogol's Beobachtnng, wieich nieht bezweitle, 
zuverlilssig, so wird seine Vermuthung einer Veranderung hier in der That be- 
griindct sein, denn diesen Winter, nainenllich im Februar und Marz 1872, fand 
ich wiederum, so wie es Huggins friiher geselien hat, unzweifelhaft (2)> (3). 
Die relative Intrnsitiit der drei Lichtartcn babe ich mchrfach in Zahlcn gcschatzt 
und crliielt, z. B. in den letzten Niichten : 

Marz 6. M&rz IS. 

(1) 100 100 

(2) 58 63 

(3) 49 52 

' Phil. Trans. 1868, pp. 529-550. Asa curious instance in which later methods 
of observations have been partially anticipated, a reference may be made to an 
ingenious i)apcr in the Philosophical Transactions for 1783, vol. Ixxiv., by the 
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It is only within the last few months that I have found myself 
in possession of the necessary instrumental means to resume 
this inquiry, and since this time the prevalence of bad weather 
has left but few nights sufficiently fine for these delicate 
observations. 

Some time was occupied in obtaining a perfectly trustworthy 
method of comparison of the spectra of stars with those of 
terrestrial substances, and it was not until I had arranged the 
spark within the tube, as described at the beginning of this 
note, that I felt confidence in the results of my observations. 

It may be well to state some circumstances connected with 
these comparisons which necessarily make the numerical estima- 
tions given further on less accurate than I could wish. Even 
when spectroscope c, containing four compound prisms, and a 
magnifying power of 16 diameters, are used, the amount of the 
change of refrangibility to be observed appears very small. 
The probable error of these estimations is therefore large, as 
a shift corresponding to five miles per second (about -^(^ of the 
distance of D^ to D^), or even a somewhat greater velocity, could 
not be certainly observed. The difficulty arising from the 
apparent smallness of the change of refrangibility is greatly in- 
creased by some other circumstances. The star's light is faint 
when a narrow slit is used, and the lines, except on very fine 
nights, cannot be steadily seen, in consequence of the move- 
ments in our atmosphere. Further, when the slit is narrow, 
the clock's motion is not uniform enough to keep the spectrum 
steadily in view ; for these reasons I found it necessary to adopt 
the method of estimation by comparing the shift with a wire 
of known thickness, or with the interval between a pair of close 
lines. I found that, under the circumstances, the use of a 

Bev. John Mitchell, entitled ''On the Means of discoveriDg the Distance, 
Magnitude, &c., of the Fixed Stars, in consequence of the Diminution of the 
Velocity of their Light.** The author suggests that by the use of a prism "we 
might be able to discover diminutions in the velocity of light, as perhaps a 
hundredth, a two himdredth, a five hundredth, or even a thousandth part of 
the whole.*' But he then goes on to reason on the production of this diminished 
velocity by the attraction produced on the material particles of light by the 
matter of the stars, and that the diminutions stated above would be "occasioned 
by spheres whose diameter should be to the sun, provided they were of the same 
density, in the several proportions of 70, 50, SO, and 22 to 1 respectively." 

D D 
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micrometer would have given the appearance only of greater 
accuracy. I wish it therefore to be understood that I regard 
the following estimations as provisional, as I hope, by means of 
apparatus now being constnicted, to be able to get more accurate 
determinations of the velocity of the motions. 

Sirius. — The comparison of the line at F with the correspond- 
ing line of hydrogen was made on several nights from January 
18 to March 5. Spectroscope c and eyepieces 2 and 3 were 
used. These observations confirm the conclusion arrived at in 
my former paper, that the star is moving from the earth ; but 
they ascribe to tlie star a velocity smaller than that which I 
then obtained. 

These observations on different days show a change of refran- 
gibility corresponding to a velocity of from twenty-six miles to 
thirty-six miles per second. The part of the earth's orbital 
motion from the star varied on these days from ten miles to 
fourteen miles per second. We may take, therefore, eighteen 
to twenty-two miles per second as due to the star. 

The difference of this estimate, which is probably below rather 
than in excess of the true amount, from that which I formerly 
made may be due in part or entirely to the less perfect instru- 
ments tlien at my command. At the same time, if Sirius be 
moving in an elliptic orbit, as suggested by Dr. Pett^rs, that 
part of the star s proper motion which is then in the direction 
of the visual ray, would constantly vary.^ 

Betelgeiix (a Orionis). — In the early observations of Dr. Miller 
and myself on this star, we found that there are no strong lines 
coincident with the hydrogen lines at C and F. The line H a 
falls on the less refrangible side of a group of strong lines, and 
H /8 occurs in the space between two groups of strong lines, 
where the lines are faint. On one night of unusual steadiness 

' H. Vogel at Bothkamp soems to have repeated my observations on Siriw 
with the necessary care. He says (Astron. Nachr. K^o. 1,864) : — "Mit der eben 
beschriebenen Anordniing gelang es Herrn Dr. Lohse und mir am 22 Marz (1871) 
bei ganz vnrzuglicher Luf't die Nichtcoincidenz der drei Wasserstofllinien H a, 
n iS, nnd H 7. der (leissler'scheu Rohre mit den entsprechenden Linien drt 
Siriu8-R|>cctrujns zu sohen . . . mit Beriicksichtigung der Geschwindigkeit 
der Erde zur Zeit der Bcobachtung bercchnct sich die Gesohwiiidigki.Mt mit 
wolcher sich Sirins von der Krde bewegt za 10*0 Meilen in der Secande, wogegen 
Procvon skh 13 8 Meilen in der Becunde von unserer £rde entfemen wUrde. 
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in the air, when the finer linos in the star's spectrum were seen 
with more than ordinary distinctness, I was able with the more 
powerful instruments now at my command to see a narrow 
defined line in the red apparently coincident with H a, and a 
similar line at the position of H fi. These lines are much 
less intense than the lines C and F in the solar spectrum ; 
there are certainly no bright lines in the star's spectrum at 
these places. 

The most suitable lines in this star for comparison with terres- 
trial substances for ascertaining the star's motion are the lines 
of sodium and of magnesium. The double character of the one 
line agreeing exactly with that of sodium, and the further cir- 
cumstance that the more refrangible of the lines is the stronger 
one, as is the case in the sodium spectrum and in the solar spec- 
trum, and the relative distances from each other and com- 
parative brightness of the three lines, which correspond precisely 
to the triple group of magnesium, can allow of no doubt that 
these lines in the star are really produced by the vapours of 
these substances existing there, and that we may therefore safely 
take any small displacement of either set of lines to show a 
motion of the star towards or from the earth. The lines due to 
sodium are perhaps more intense, but are as narrow and defined 
as the lines Dj, 1>2 in the solar spectrum ; they fall, however, 
within a group of very fine lines ; this circumstance may possibly 
account for the nebulous character which has been assigned to 
them by some observers. 

The bright lines of sodium were compared with spectroscope 
B and eyepiece 3; they appeared to fall very slightly above the 
pair in the star, showing that the stellar lines had been degraded* 
by the star s motion from the earth. The amount of displace- 
ment was estimated at about one-fifth of the distance of Dj 
from Dg, which is probably rather smaller than the true amount. 
This estimation would give a velocity of separation of thirty- 
seven miles per second. At the time of observation the earth 
was moving from the star at about fifteen miles per second, 
leaving twenty-two miles to be due to the star. 

When magnesium was compared, a shift in the same direction 

D D 2 
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and corresponding in extent to about the same velocity of re- 
cession, was observed ; but in consequence of other lines in 
the star at this place, the former estimation, based on the 
displacement of the lines of sodium, was considered to be more 
satisfactory. 

Bigel. — The lines of hydrogen are strong in the spectrum of 
this star, and are suitable for comparison. 

The line of H )9 is not so broad as it appears in the spectrum 
of Sirius, but is stronger than F in the solar spectrum : this 
line was compared by means of spectroscope c and eyepieces 2 
and 3. The line of terrestrial hydrogen falls above the middle 
of the line in the star ; the star is therefore receding from the 
earth. The velocity of recession may be estimated as rather 
smaller than Sirius, probably about thirty miles per second, the 
earth at the time of observation moving from the star with a 
velocity of fifteen miles, leaving about fifteen miles as due to 
the star. This estimate is probably rather smaller than the true 
velocity of the star. 

Castor. — The spectra of the two component stars of this double 
star blend in the spectroscope into one spectrum. The line H fi 
is rather broad, nearly as much so as the same line in the 
spectrum of Sirius. 

The narrow line of rarefied hydrogen was compared in spectro- 
scope B with eyepiece 3 ; it appeared to fall on the more re- 
frangible side of the middle of the line in the star, leaving 
more of the dark line on the side towards the red. The shift 
seemed to bo rather greater than that in Sirius, and may pro- 
bably be taken at from forty to forty-five miles per second ; 
but the earth's orbital motion was nearly seventeen from the 
star, thus leaving about twenty-five miles for the apparent 
velocity of the star. This result rests at present on observa- 
tions on one night only, but they seemed at the time to be 
satisfactory. 

Regulus, — The line at F rather broad. The corresponding line 
of hydrogen falls on the more refrangible side of the middle of 
the dark line in the star. The air was unfavourable on all the 
evenings of comparison ; a rough estimate gives a velocity of 
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from twelve to seventeen miles for the velocity of recession 
between the star and the sun. 

fi and S Leonis. — These stars were compared with hydrogen ; 
they appear to be moving from the earth, but want of steadiness 
in the air prevented me from making a satisfactory estimate of 
their velocity. I suspected their motion to be smaller than that 
of Regulus. 

A 7f ^» €, (^ Ursm Majoris, — All these stars have similar spectra, 
in which the line F is strong, though there are small differences 
in the breadth of the line. They were compared with hydrogen, 
and appear to be moving from our system with about the same 
velocity. Probably their motion may be taken to be not far 
from thirty miles per second. The earth's motion at the time 
of observation was from nine to thirteen miles for these stars, 
leaving a probable velocity of recession of seventeen to twenty 
miles per second. In the case of the double star f, the spectrum 
consisted of the light of both stars. 

t} Ursm Majoris was only compared with hydrogen. I believe 
it shows a motion from the earth, but the observations of this 
star are at present less satisfactory. 

a Virginia and a Coronas Borealis, — These stars were com- 
pared with hydrogen. I suspect that they are receding, but I 
have not had nights sufficiently fine to enable me to make satis- 
factory observations of these stars. 

In addition to these stars some observations (which are less 
satisfactory on account of the unfavourable state of the weather 
at the time) appear to show that the stars Procyon, Capella, and 
possibly Aldebaran, are moving from the earth. 

The stars which follow have a motion of approach. 

Arcturus, — In the spectrum of this star the lines of hydrogen, 
of magnesium, and of sodium are sufficiently distinct for com- 
parison. I found the comparison could be most satisfactorily 
made with magnesium. 

The bright lines of magnesium fall on the less refrangible 
side of the corresponding dark lines in the stars spectrum, 
showing that the star is approaching the earth. I estimated 
the shift at about i to J of the interval between Mg, and Mg, ; 
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this amount of displacement would indicate a velocity of 
approach of fifty miles per second. To this velocity must be 
added the earth's orbital motion from the star of 6*25 miles 
per second, increasing the star's motion to fifty-five miles per 
second. 

When I can get favourable weather, I hope to obtain inde- 
pendent estimations from the lines of sodium and of hydrogen. 

a LyrcB, — In the' spectrum of Vega the line corresponding to 
Hy3 is strong and broad. Comparisons were made on several 
nights, but on one evening only was the air favourable. The 
observations are accordant in showing that the narrow blight 
line from a Geissler's tube falls on the less refhmgible side of the 
middle of the line in the star, thus leaving more of the line on 
the side towards the violet. The estimations give a motion of 
approach between the earth and the star of from forty to fifty miles 
per second, to which must be added 3*9 miles after the earth's 
motion from the star. 

a Cygni, — The hydrogen line at F in the spectrum of this star 
is narrower than in the spectrum of Sirius and of a Lyrae, though 
probably rather broader than the same line in the solar spectrum. 
I have at present observations made on two evenings only — on 
both of which the state of the air was unfavourable — of the com- 
parison of this line with that of terrestrial hydrogen. They give 
to the star a motion of approach of about thirty miles per second, 
which would have to be increased by nine miles, the velocity at 
the time of the earth from the star. 

Pollux. — The Hues of magnesium and those of sodium are verv 
distinct in the spectrum of this star. As the aii* was not very 
steady at the time of my observations, I found it more satis- 
factory to use for comparison the lines of magnesium, which are 
rather stronger than those of sodium. The three lines of magne- 
sium appeared to be less refrangible than the corresponding dark 
lines in the spectrum of the star by about one-sixth of the 
interval from Mgg Mgg. This estimation would represent a 
velocity of approach equal to about thirty- two miles per second. 
The eartli's motion from the star was 17'5 miles, which increases 
the apparent velocity of approach to forty-nine miles per second. 
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On one evening only was the air favourable enough foranumerical 
estimate, but the observations were entered in my observatory- 
book as satisfactory. 

a Ursce Majoris, — This spectrum of the star is different from 
the spectra of the other bright stars of this constellation. The 
line at F is not so strong, while the lines at h are more distinct, 
and are sufficiently strong for comparison with the bright lines of 
magnesium. The bright lines of this metal fall on the less re- 
frangible side of the dark lines, and show a motion of approach 
of from thirty-five to fifty miles per second. The earth's motion 
of 11*8 miles from the star must be added. 

7 Leonis and € Boctis. — In both these double stars the com- 
pared spectrum due to the light of both component stars was 
observed. Both stars are most conveniently compared with 
magnesium. I do not consider my observations of these stars 
as quite satisfactory, but they seem to show a movement of 
approach ; but further observations are desirable. 

The stars 7 Cygni, a Pegasi, 7 Pegasi, and Andromcdce were 
compared with hydrogen on one night only. It is probable that 
these stars are approaching the earth, but I wish to re- observe 
them before any numerical estimate is given of their motion. 

7 Cassiopeice, — On two nights I compared the bright lines 
which are present in its spectrum at c and F with the bright 
lines of terrestrial hydrogen. The coincidence appeared nearly 
perfect in spectroscope c with eyepieces 2 and 3; but on the 
night of least definition I suspected a minute displacement of 
the bright line towards the red when compared with ufi. As 
the earth's orbital motion from the star at the time was very 
small, about 3*25 miles per second, which corresponds to a shift 
that could not be detected in the spectroscope, it seems probable 
that 7 CassiopeisB has a small motion of recession. 

In the calculation of the estimated velocities the wave-lengths 
employed are those given by Angstrom in his "Recherches 
sur le Spectre solaire," Upsal, 18C8. The velocity of light was 
taken at 185,000 miles per second. 

The velocities of approach and of recession which have been 
assigned to the stars in this paper represent the whole of the 
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motion in the line of sight which exists between them and the 
sun. As we know that the sun is moving in space, a certwi 
part of these observed velocities must be due to the solar motion. 
I have not attempted to make this correction, because, though 
the direction of the sun's motion seems to be satisfactorily ascer- 
tained, any estimate that can be made at present of the actual 
velocity with which he is advancing must rest upon suppositions, 
more or less arbitrary, of the average distance of stars of different 
magnitudes. It seems not improbable that this part of the 
stars' motions may be larger than would result from Otto Struve's 
calculations, which give, on the supposition that the average 
parallax of a star of the first magnitude is equal to 0'^'209, a 
velocity little greater than one-fourth of the earth's annual 
motion in its orbit. 

It will be observed that, speaking generally, the stars which 
the spectroscope shows to be moving from the earth (Sirius, 
Betelgeux, Rigel, Procyon) are situated in a part of the heavens 
opposite to Hercules, towards which the sun is advancing ; while 
the stars in the neighbourhood of this region, as Arcturus, Vega, 
a Cygni, sliow a motion of approach. There are in the stars already 
observed exceptions to this general statement ; and there are 
some other considerations which appear to show that the sun's 
motion in space is not the only, or even in all cases, as it may 
found, the chief cause of the observed proper motions of the 

stars.i 

There can be little doubt but that in the observed stellar 
movements wc have to do with two other independent motions, 
namely, a movement common to certain groups of stars, and also 
a motion peculiar to each star. 

Mr. Procter has brought to light strong evidence in favour of 
the drift of stars in groups having a community of motion, by his 



^ As tlic velocities ossigiiCMl to the stars are, for the reasons already stated, pro- 
viHioiinl only, 1 feel sonu* hesitution in drawing from them the ob>ious couclu- 
sion.s which they would Ku;;j;est. The velocities given in the Tables for those 
Kt:ir8 which are moving in diivction in accordunee with the sun's motion t4)wards 
liercules, do not Inrur to each other the relation which they should have if they 
were mainly pro<iuced by the sun's motion. Even for thest.' stars, therefore, we 
must look elsewhere for the cause to which they arc chiefly due. 
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graphical investigation of the proper motions of all the stars in 
the catalogues of Mr. Main and Mr. Stone.^ The probability of 
the stars being collected into such systems was early suggested 
by Mitchell and the elder Herschel.^ One of the most remark- 
able instances pointed out by Mr. Procter are the stars /8, 7, S, € 
of the Great Bear, which have a community of proper motions,* 
while a and r) of the same constellation have a proper motion in 
the opposite direction. Now, the spectroscopic observations show 
that the stars )8, 7, S, €, f, have also a common motion of reces- 
sion, while the star a is approaching the earth. The star 17 
indeed appears to be moving from ua, but it is too far from a to 
be regarded as a companion to that star. 

Although it was not to be expected that a concurrence would 
always be found between the proper motions which indicate the 
apparent motions at right angles to the line of sight and the 
radial motions as discovered by the spectroscope, still it is inter- 
esting to remark that in the case of the stars Castor and Pollux, 
one of which is appproaching and the other receding, their proper 
motions also are diflferent in direction and in amount ; and further, 
that 7 Leonis, which has an opposite radial motion to a and )8 of 
the same constellation, diflfers from these stars in the direction 
of its proper motion. 

^ See "Preliminary Paper on certain Drifting Motions of Stare," Proc. Roy. 
Soc. vol. xviii. p. 169. 

'^ Sir William Herschel writes : — ''Mr. Mitclieirs admirable idea of the stars 
being collected into systems appears to be extremely well founded, and is every 
day more confirmed by observations, though tliis does not take away the proba- 
bility of many stars being still as it were solitary, or, if I may use the expression, 
int«>rsystematical. ... A star, or sun such as ours, may have a proper 
motion within its own system of stars ; while at the sam»j time the whole starry 
system to which it belongs may have another proper motion totally different in 
quantity and direction." Herschel further says, "And should there be found in 
any particular part of the heavens a concurrence of proper motions of (juite 
a dinerent direction, we shall then begin to form some conjectures which stars 
may possibly belong to ours and which to other systems."— Phil. Trans. 1783, 
pp. 278, 277. 

• Mr. Procter, speaking of these stare, says: — ** Their drift is, I think, most 
significant. If, in truth, the parallelism and equality of motion are to be regarded 
as accidental, the coincidence is one of most remarkable character. But such an 
interpretation can hardly be looked upon as admissible when we remember that 
the i>eculiarity is only one of a series of instances, some of which are scarcely 
less striking. — " Other Worlds than Oure," p. 2C9 : and paper in Proc. Roy. 
Soc. vol. zviii. p. 170. 
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TABLE I. — Stars moving from the Sun. 
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TABLE H.-SxARi 


J APPROAOHIN 


THE Sun. 




Star. 
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Apparent 
motion. 
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1 
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Arcturus .... Mg 
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It scarcely needs remark that the diflference in breadth of the 
line H /8 in different stars aflfords us information of the difference 
of density of the gas by which the lines of absorption are pro* 
duced. A discussion of the observations in reference to this 
point and to other considerations on the physical condition of 
the stars and nebulae, I prefer to reserve for the present. 
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APPENDIX F. 
I. 

ON THE PHOTOGRAPHIC SPECTRUM OF COMET "b" 1881. 
BY WILLIAM HUGGINS, D.C.L., LL.D., F.R.S.^ 

In the years 1866 and 1868 I applied the spectroscope to the 
light of comets, and in the latter year I showed that the three 
bright bands in the visible part of the spectrum agree with the 
similar bright bands which are seen when an induction spark is 
taken in olefiant gas.^ The same bauds are also seen in the flames 
of many compounds of carbon. I was inclined at that time to con- 
sider that these bands were due to the vapour of carbon. Sub- 
sequent investigations which have been made on the spectra of 
the compounds of carbon, appear to make it probable that these 
bands are the spectrum of a compound of carbon with hydrogen. 
The observations (1808) showed the presence of carbon, probably 
in combination with hydrogen, in the cometary matter. 

Since that time until the present year, no comet has appeared 
suflBciently bright to allow of the observations on its spectrum 
being extended to the ultra-violet region. The apparatus with 
which I had successively photographed the spectra of stars was 
especially suited to this purpose.^ It consists essentially of a 
spectroscope, furnished with a prism of Iceland spar and 
lenses of quartz, placed so that the slit shall be in the principal 
focus of a mirror 18 inches in diameter, equatorially mounted 
and driven by an electrically controlled clock. 

On the evening of June 24th (1881), I directed this instrument, 
armed with a very sensitive gelatine plate, to the head of Comet 
b, so that the nucleus should be upon one half of the slit. 
After an exposure of one hour, the open half of the slit was 

^ Report of the British Association, 1881. ^ Phil. Trans. 1868, p. 556. 

» Phil. Trans. 1880, p. 669. 
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closed, tlie shutter withdrawn from the other half, and the 
instrument was then directed to Arcturus for fifteen minutes. 

After development the plate presented a very distinct spectrum 
of the comet, together with that of the star, for comparison. 

The spectrum of the comet consists of two spectra superposed 
upon each other: a continuous spectrum, which extends from 
about F to a little distance beyond H. In this continuous 
spectrum can be seen the Fraunhofer lines o, h, H, K, and 
many others. This spectrum is therefore due to reflected solar 
light. 

The second spectrum consists of two sets of bright lines, and 
a susi)icion of the presence of a third set. These lines are 
obviously to be referred to original light from the comet. 

The strongest set consists of two bright lines in the commence- 
ment of the ultra-violet region. Measures, made by the aid of 
the comparison star-spectrum give for these bright lines the 
wave-lengths 3883 and 3870. The less refrangible line is much 
stronger, and a faint luminosity can be traced from it to a little 
beyond the second line 3870. There can be, therefore, no doubt 
that these lines represent the brightest end of the ultra-violet 
group, which appears under certain circumstances in the spectra 
of the compounds of carbon. Professors Liveing and Dewar 
have found for the strong line at the beginning of the group 
the wave-length 3882*7, and for the second line 3870*5. 

I am also able to see upon the continuous solar spectnim, a 
distinct, though fainter, impression of a group of lines between 
G and h. There can be little doubt that this group is the one 
for the least refrangible limit of which the wave-length 4220 is 
given by Professors Liveing and Dewar. 

An increase of brightness in the continuous spectrum is also 
seen between h and H, which may be due to other bright lines, 
but the photograph is not strong enough to admit of any certain 
conclusion on this point. 

On June 25, a second photograph was obtained with an 
exposure of an hour and a half. This photograph, notwithstand- 
ing the longer exposure, is fainter, but shows distinctly the 
bright lines in the ultra-violet, and the continuous spectrum. 
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These photographs confirm the results of my earlier obser- 
vations on comets — that part of their light is reflected sunlight, 
and part is original light ; and, further, that carbon is present 
in the cometary matter. The new bright groups in the comet's 
spectrum which the photographs have revealed to us, are 
certainly characteristic of substances containing carbon. 

In their paper " On the Spectra of the Compounds of Carbon " ^ 
Professors Liveing and Dewar bring forward evidence to show 
that these two groups indicate the presence of cyanogen, and 
are not to be seen in hydrocarbons unless nitrogen is also present. 
If this be the case the photograph supplies us with strong evi- 
dence of the presence of nitrogen in the comet, in addition to 
the carbon and hydrogen shown to be there by the bright groups 
in the visible region of the spectrum. It is of great interest in 
connection with this result, now that Schiaparelli has shown us 
the close relationship of meteors and comets, to mention the 
results of Professor Graham's experiments on the occluded 
gases from the meteoric iron of Lenarto.^ This iron gave nearly 
three times its volume of gas, consisting chiefly of hydrogen, 
with small quantities of carbonic oxide and nitrogen. 

Professor Wright's examination of the stony meteorites shows 
the oxides of carbon, chiefly the di-oxide, to be present in 
largest quantity, but he obtained also a small percentage of 
hydrogen and nitrogen.* Other kinds of meteors are known 
which contain hydrocarbons, even in considerable quantity. It 
is scarcely necessary to add that, under suitable conditions, the 
spectra of the gases from some meteorites will be similar to 
that observed from the light of comets. 

Messrs. Liveing and Dewar's experiments would seem to show 
that a high temperature must be present in the comet, if the 
cyanogen is formed there, but if cyanides should be found in 
meteorites this necessity would not exist. 

Whatever the views that may be entertained as to the forms 
of combination in which the carbon exists, there can be no 

^ Proc. Roy. Soc. vol. xx. p. 494. 

' Proc. Roy. Soc. xv. p. 502, 1867. 

• Anier. Journ. Scien. vol. x. July, 1S75. 
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doubt whatever of the presence of carbon in comets. I should 
mention that Mr. Lockyer regards the two bright groups seen 
in the photograph, and the three groups in the visible spectrum, 
to be due to the vapour of carbon at different heat-levels.^ 

It is of importance to mention the strong intensity in the 
photograph of the lines 3883 and 3870 as compared with the 
continuous spectrum, and the faint bright group beginning at 
4220. At this part of the spectrum, therefore, the light 
emitted by the cometary matter exceeded by many times the 
reflected solar light. 

On August 21, I attempted to obtain, with an exposure of 
one hour, a photograph of the spectrum of a large comet which 
has appeared since Comet c, 1881. The evening was not 
very favourable, and the comet was at a low altitude and not so 
brilliant as Comet b. I am not able to see on the plate more 
than a faint trace of the brightest lines (W. L. 3883 and 3870) 
of the spectrum obtained from the former comet. 



II. 

ON THE PHOTOGRAPHIC SPECTRUM OF COMET (WELLS) 1, 1882. 
BY WILLIAM HUGGINS, D.C.L., LL.D., F.R.S.* 

Last year I had the honour of presenting to the British 
Association an account of a photograph of the spectrum of the 
brightest comet of that year, accompanied by some remarks on 
the unity of type of spectrum of all the comets to which the 
spectroscope had been applied since 1864. 

The bright comet of the present year presents, for the first 
time, a spectrum diflfering essentially from the hydrocarbon 
type to which all the other comets belonged. 

Observations of the visible region of the spectrum had 
already shown the probable absence of the usual hydrocarbon 
groups, one or two observers suspecting only the brightest of 

* Proc. Roy. Soc. vol. xxx. p. 461. 

^ Kei)ort oi the British Association, 18S2. 
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the groups. The comet gave a brilliant continuous spectrum, 
and also a bright double line coincident with that of sodium at 
D of the spectrum, and some other bright lines. 

On May 31, 1 obtained a photograph of the spectrum of this 
comet. The plate was exposed for one hour and a quarter. 
Through the second half of the slit I took on the same plate a 
spectrum of a Ursa niajoris for the determination in position of 
the lines of the comet's spectrum. 

The photographic plate showed a strong continuous spectrum 
extending from about F to a little beyond H. 

In the continuous spectrum of the comet of last year the 
Fraunhofer lines were clearly visible, but in the stronger 
continuous spectrum of the present comet I was not able to 
distinguish any of these solar lines. 

The slit was indeed more open than was the case last year, 
and this circumstance would make these lines less distinct, but 
the lines G and H are well seen in the star's spectrum taken 
under the same conditions. We may conclude therefore that 
the part of the comet's original light which gives a continuous 
spectrum is much stronger relatively to the reflected solar light 
in this comet than was the case in the coniet of last year, and 
for this reason the Fraunhofer lines are not to be seen. 

In agreement with eye observations made in the visible 
region, this photograph does not contain the strong ultra-violet 
group assigned to cyanogen ; also the bright groups of the comet 
of last year between G and A, and between h and H, do not 
appear to be present. 

In the continuous spectrum at least five places of greater 
brightness can be distinguished, which undoubtedly represent 
groups of bright lines, though they are not sufficiently distinct 
in the photograph to admit of resolution into lines. The 
correctness of this interpretation is rendered much more probable 
by the circumstance that these groups, as is shown in the 
diagram, project beyond the strong continuous spectrum on one 
side. The head of the comet was in sharp focus upon the sht, 
and the continuous spectrum with defined edges corresponds to 
the nucleus, which in this comet was very distinct. The side of 
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the spectrum on which these suspected groups project corresponds 
to the light of the corona on the side of the nucleus next the 
sun. We learn, therefore, that the light of this part of the 
coma consisted chiefly, in this region of the spectrum, of these 
groups ; as, on the plate, only a very faint continuous spectrum 
can be seen between these projected parts of the bright spaces. 

It is not possible to measure with accuracy the beginnings 
and endings of these groups. Measures as accurate as the 
circumstances would permit have been taken, therefore, of the 
brightest paits of the groups. The wave-lengths of these 
brightest parts are: — 

X4253 

„ 4412 

„ 4507 

„ 4634 

„ 4769 

As the lines of sodium were strong in the visible part, it may 
be that some of the light producing some of these groups may 
be due to that substance. 

Mr. Hind liiis kindly furnished me with the distance of this 
comet from the sun at the time the photograph was taken. 
The comet was then 42,380,000 miles from the sun, while the 
comet of last year was distant 69,420,000 when I obtained the 
photograph of its spectrum. Considering the fact that the 
presence of sodium and the absence of the hydrocarbon groups 
were observed some time previously to the taking of the photo- 
graph, when the comet was much farther from the sun, we 
cannot attribute this difference of spectrum directly to greater 
heat through a nearer approach to the sun, but must reganl it 
as arising from a different chemical constitution of the cometary 
stuff. Professor A. Herschel and Dr. von Konkoly showed long 
ago that the spectra of the periodic meteors are different for 
different swarms, and it is not surprising that the nuclei of 
comets should differ chemically. 

If the light of comets is due to electric discharges, then, 
althou":h these discharofcs woidd owe their existence to solar 
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heat, their heating effect upon the cometary matter might not 
be strictly proportional to the nearness of the comet to the sun. 
In this case too the absence of the hydrocarbon lines might not 
necessarily indicate the freedom of the cometary matter from 
these substances. It has long been known how preferential is 
an electric discharge when several substances are present at the 
same time, and Dr. Hasselberg has recently shown by some 
laboratory experiments that in the presence of sodium vapour 
the hydrocarbon spectrum fades out. Notwithstanding these 
considerations, it is probable that the comet of this year owed 
the exceptional character of its spectrum to some unusual 
chemical condition of the meteoric matter which forms its 
nucleus. 

[P.S. — November 14. — The spectrum of the great comet 
which was discovered near the sun in September was similar in 
the visible region to that of comet Wells. Now that this comet 
has receded from the sun the lines of sodium are fainter, and 
the hydrocarbon groups seen in former comets have made their 
appearance. These observations support the view taken in 
this paper, but suggest that the chemical state of the matter of 
these two comets is not essentially different from that of former 
comets, but is probably a modification of the same fundamental 
constitution. — W. H.] 



III. 

ON THE PHOTOGRAPHIC SPECTRUM OF THE GREAT NEBULA 

IN ORION. 

BY WILLIAM HUGGINS, D.C.L., LL.D., F.R.S.^ 

In September 1864* I had the honour to announce to the 
Boyal Society that I had discovered that certain of the nebulae 
(up to that time, eight in number), give a spectrum of bright 
lines. In one nebula four bright lines were observed. 



^ Report of the British Association, 1882. 
> Phil. Trans. 1864, p. 487. 
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In January 1865,^ I found that the light of the Great Nebula 
of Orion is resolved into the same set of bright lines. Further 
observations on the spectrum of the nebula in Orion, and the 
spectra of other nebulae, were made subsequently with more 
powerful apparatus.^ 

The result of these observations was to show that in the 
visible region, the spectrum of the Great Nebula in Orion 
consists of four bright lines, the positions of which are X 5005, 
4957, 4861, and 4340. The least refrangible line appeared, in 
the instniment used, to be coincident with the less refrangible 
component of the brightest double line of the spectrum of 
nitrogen. The third and fourth lines agreed in position with 
the lines /9 and 7 of the hydrogen spectrum, with which they 
were compared directly in the spectroscope. 

During the last few years I have made several attempts to 
extend our knowledge of the spectra of the nebulae into the 
more refrangible region beyond the reach of the eye by means 
of photography. On March 7 last (1882), I succeeded in ob- 
taining a photograph of the spectrum of the Great Nebula in 
Orion. 

The apparatus was the same with which I had photographed 
the spectra of stars, and the spectrum of comet 6, 1881. It 
consists essentially of a spectroscope furnished with a prism of 
Iceland spar, and lenses of quartz, placed so that the slit shall 
be in the principal focus of a metallic speculum 18 inches in 
diameter, and driven by an electrically controlled clock. 

A gelatine plate was used very sensitive from about 
Fraunhofers 6 of the spectrum, to a long distance in the 
ultra-violet. 

The exposure was limited by the coming up of clouds to 
about 45 minutes. The opening of the slit was made wider 
than in my work on the stars. The slit was kept upon a bright 
part of the nebula near the trapezium in the *' Fish's mouth *' of 
the nebula. 

The photographic plate shows a spectrum of bright lines 

* Proc. Hoy. Soc. vol. xiv. p. 39. 

' PhU. Trans. 1868, p. 540, and Proc. Roy. Soc. vol. xx. p. 380. 
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sufficiently distinct to admit of measurement; there is also 
present an exceedingly faint continuous spectrum. 

In my eye-observations of the visible regions of the spectrum, 
I was nearly always conscious of the presence of a faint con- 
tinuous spectrum, but in no part of the nebula did this continuous 
spectrum become strong relatively to the bright lines, which were 
present throughout the whole extent of the nebula. 

The great range of the spectrum to which the plate was 
sensitive enabled me to see upon it all the lines which had been 
previously observed with the eye. In addition to these known 
lines the plate shows a relatively strong line in the ultra-violet 
region, which is new to us. 

As the slit was wide, this line appears broad on the plate, but 
for the same reason so do also the known lines. Eye-observations 
have shown these lines to be extremely narrow and defined at 
the edges. There is reason to believe that this new line, though 
relatively intense, is similar in character to the other lines, 
namely, narrow and defined. The great advantage of this 
control from lines common to the photographic plate and to 
observations by eye, is seen further in the following circumstance. 
The spaces occupied on the plate by the broad lines do not appear 
to be quite uniform, but somevvhat less strong in the middle ; but 
the results of the eye-observations show conclusively, as might 
be suspected for other reasons, that this appearance does not 
indicate duplicity of the lines, but simply a want of absolute 
precision of focal adjustment. 

The broad character on the plate of this new line does not 
permit of quite the same accuracy of determination of position 
as would have been possible with a narrower slit. There is 
little doubt, however, that this new line agrees in position with 
the line f of the typical spectrum of the white stars.^ For this 
reason this typical spectrum has been placed in the diagram by 
the side of the photographic spectrum of the nebula. The 
wave-length of the new line is therefore \ 3730. 

There can be little doubt that this typical spectrum is due to 
hydrogen, and that this new line in the nebula, a,s well as the 

1 Phil. Trans. 1880, p. 672. 

£ £ 2 
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two less refrangible lines which had been observed by the eye, 
are produced by this substance. 

It is of much interest to compare the extreme differences of 
character of these lines of hydrogen which are common to the 
white stars and to the nebula. In the stars these lines are very 
broad and winged at the edges, while in the nebula they are of 
exceeding thinness and wholly free from a winged condition, 
indicating great differences in the temperature and density of 
the gas as it exists in these two orders of celestial bodies. 

I cannot say positively whether the lines of hydrogen between 
H7 and the line ^ at 3730, which are present in the stars, are 
altogether absent in this nebula. If they exist in the spectrum 
of the nebula they must be exceedingly faint relatively to those 
present. I suspect a want of uniformity of the film at this part, 
and also beyond \ 3730, and this may indicate possibly the 
presence of very faint lines. Under the most favourable con- 
ditions of illumination, I am almost certain of faint lines at the 
positions of h and H. In the diagram only those lines about 
which there can be no uncertainty are inserted, and the new 
line is made broad for the purpose of indicating its great intensity 
relatively to the other lines. 

In my laboratory experiments, I have succeeded in obtaining 
spectra of hydrogen in which some of the lines in this region are 
either absent or very greatly reduced in intensity, but I have not 
yet obtained a spectrum which represents a state of things 
precisely similar to that which obtains in this nebula. 



APPENDIX G. 

ON SPECTRA OF LIGHTNING. BY ARTHUR SCHUSTER, PH.D., 

F.R.A.S.1 

All observers of lightning-spectra agree in having seen the 
line-spectrum of nitrogen ; but most of them have seen, in 
addition to this, sometimes a continuous spectrum, sometimes a 
band spectrum, the chemical origin of which is unknown. 

* Read at the Meeting of the Physical Society on Fehruary 22, 1879. 
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The following historical summary may give an idea of our 
knowledge on that point. 

Prof. Kundt ^ observed a line spectrum consisting of one or 
two lines in the red, some very bright ones in the green, and 
some less bright ones in the blue. He mentions that the lines 
are not always seen together. Lines which in one flash appeared 
especially bright were not seen in another flash. The greater 
number of flashes, however, gave a different spectrum altogether. 
In the place of bright lines a great number of bands were seen ; 
and Prof. Kundt even distinguishes two diflferent band spectra. 

Mr. John Herschel ^ observed a variable continuous spectrum 
crossed by bright lines, which also had a variable intensity. 
He gives the measurements of two lines, which agree very well 
with nitrogen-lines. 

M. Laborde' observed some lines, especially one near E, 
which sometimes appeared alone. He also saw a continuous 
spectrum. 

Dr. H. Vogel* describes lines only; but in his list I find two 
which do not coincide with any bright lines in the spectrum 
of the electric spark taken in atmospheric air ; they do, however, 
coincide with two bands which I have observed in some flashes 
of lightning, as I shall show. 

Dr. J. P. Joule 5 also observed some spectra of lightning. 
Frequently there was only one bright line visible, this being 
coincident with the brightest nitrogen-line. At other times 
there were several bright lines visible, sometimes with and some- 
times without the green nitrogen-line. A continuous spectrum 
was also observed. 

Mr. H. R. Procter ® gives some measurements of lines which 
do not lay claim to any accuracy. He observed also a band 
spectrum, which he finds not to be the band spectrum of nitrogen. 

From conversation with Prof. A. Young, I learned that he 
also had seen a line spectrum, a band spectrum, and a continuous 
spectrum. 



^ Pogg. Ann. cxxxT. p. 315. 
' Le9 Mondea, viii. p. 219. 
• Nature, vol. xvi. p. 161. 



' Proc. Eoy. Soc. xvii. p. 61. 
^ Pogg. Ann. cxliii. p. 653. 
• Naiwre, vol. xvi. pp. 161-220. 
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During my stay in Colorado last summer, I had some good 
opportunities of studying the spectra of lightning. It was my 
intention to get some reliable measurements of the band spectrum 
which I, in common with most observers, have seen ; and in 
order to have greater chance of succeeding, I confined myself to 
one part of the spectrum only. The part I chose extended from 
X = 5000 to \ = 5800, and covered, therefore, most of the yellow 
and green. I used a direct-vision spectroscope, with a slit 
movable by means of a micrometer-screw. A. bright line in the 
principal focus of the telescope formed a fiducial mark. Under 
ordinary circumstances, the slit is moved until the line to be 
measured forms a continuation of the bright line which reaches 
down into the centre of the field. I found, however, that the 
bands I wanted to measure were nearly as broad as the thin 
glass bar which carries the bright line ; and I used the bar there- 
fore simply as pointer. The measurements were always made 
at night ; and the spectroscope was left undisturbed until the 
following morning, when the Fraunhofer lines in the neigh- 
bourhood were measured, so that the wave-lengths of the 
measurements could be interpolated. 

It is of course impossible to put a pointer on a band during 
the instantaneous flash ; but a succession of flashes allows us to 
put the pointer successively neai*er and nearer until we see it 
in coincidence with the band. In this way several readings of 
each band were obtained. The dispersive power of the spectro- 
scopes was such that, with a higher-power eyepiece than the one 
used in this investigation, the nickel-line could be seen between 
the two sodium-liues. The distance between the two sodium- 
lines was such that the two readings of the slit diflfered by ten 
divisions of the micrometer, or one-tenth of a whole revolution. 
With sunlight I can measure easily to the tenth part of the 
distance between tlie sodium-lines. I obtained measure- 
ments on three different nights. Unfortunately the best nights 
for the work occurred before the Total Solar Eclipse, which had 
taken me out to Colorado. A desire to save my eyes prevented 
me from making as good use of these nights as I otherwise 
should have done. 
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JtUy 2oih, West Las Animas, — The whole horizon seemed to 
be almost constantly illuminated with lightning, generally sheet- 
lightning. I observed about thirty or forty diflferent flashes. I 
often saw the bright nitrogen-lines 5002 and 5681. I did not 
take any measurements of these lines ; but there can hardly be 
a doubt as to their position. I saw in the part of the spectrum 
which I was observing three bands, which, however, did not 
always appear together. The measurements reduced to wave- 
lengths will be given further on. Two measurements of the 
bands 13 and y were obtained, but one only of the band a. The 
greatest diiference between the two measurements amounts 
to three times the distance between the sodium-lines. This 
diflference must be partly accounted for by the diflSculty of the 
observation, partly by the fact that the spectroscope had only 
just been unpacked after the journey ; and it was found next 
day that it was considerably out of adjustment. The micrometer- 
screw, also, owing to the heat and dust, had a considerable 
backlash ; it was taken to pieces next day and cleaned, which 
greatly improved it. 

August Srd, Manitou. — Clouds were coming from the west 
over Pike's Peak ; and strong flashes of lightning, partly sheet 
lightning, partly forked lightning, were observed. Only two 
measurements were secured. One of the bands measured was 
fi. Prof. Arthur Wright, who was present, observed that one 
spot of the sky was illuminated during some flashes with a 
strong blue light, looking like a fluorescent lighi I pointed 
the spectroscope to that spot, and observed a single broad band 
in the green. I moved the pointer on it as well as I could ; but 
not being able to get another flash to verify the measurement, I 
had to take the reading. The position of this band, which I call 
8, is very doubtful. 

August 18^A, Salt-Lake City. — I only obtained one measure- 
ment of the band 7. The kind of lightning observed differed 
considerably from that of the preceding nights. The lightning 
was nearly all forked lightning ; and the bright nitrogen-line 
came out very strongly. The bands were but seldom seen. In 
one flash I saw a series of lines in the green which I had never 
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seen before. My impression is that they were at about equal 
distances from each other, decreasing in strength towards the 
red ; so that the whole made an impression similar to that of a 
fluted band, such as those seen in the spectrum of aluminium 
oxide, but shading off towards the red. 

In addition to the Ime and band spectra, I have on many 
occasions seen a continuous spectrum only. 

The following Table contains all the measurements I have 
taken. I have added in the last column numbers contained in 
Dr. VogeFs list of lines. It will be seen that these coincide 
with two of the bands I have seen. 



Band. 


Date. 


X 


Mean. 


V6gd. 


a. 


July 25 


6692 


6592 




1 


July 25 
July 26 
Aug. 3 


6343 
5329 
5325 


6334 


6341 


7- 


July 25 
July 25 
Aug. 18 

Aug. 3 


6176 
61P3 
6177 


5182 


5184 


8. 


6260 


6260 





In trying to identify these bands with known spectra we meet 
with an unexpected diflSculty. Two of them unfortunately 
admit of two different interpretations. At first sight I was 
struck by the close agreement of a and 7 with two bands of 
carbonic oxide. These bands fade away towards the blue ; and 
their sharp edges have a wave-length of 5607 and 5197. 
Observing with the same spectroscope, and widening the slit as 
I did in observing the lightning, I can produce the same im- 
pression of an unshaded band ; and taking a measurement of 
the centres of the bands under these circumstances, I obtain 
X = 5579 and X=5180, which agree within the limits of possible 
errors with the above values. 

The ordinary spectrum of air, however, contains a band at 
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5178 ; so that, as fax as mere position is concerned, one might 
well be taken for the other. I was, however, under the im- 
pression that I had sometimes seen this band without the chief 
nitrogen double line 5002-5 ; and as the yellow band of carbonic 
oxide was also apparently present, I stated with considerable 
confidence when I first wrote out this paper that I had observed 
the spectrum of carbonic oxide. It was only when I came to 
work out the position of the band B that I began to have serious 
doubts as to the accuracy of this conclusion. The position of 
the band S, as I have said, is very doubtful ; I even thought it 
was possible that I had taken a very bad measurement of either 
/3 or 7, and felt at first inclined to reject it altogether. On 
working out its wave-length, however, I found that it was 
coincident with one of two strong bands, which are found at 
the negative pole of vacuum-tubes filled with oxygen. Now 
the second of the two bands is nearly coincident with the 
yellow band of carbonic oxide ; so that, of the two bands 
which I at first thought belonged to that gas, one might be 
due to nitrogen, the other to oxygen, as seen at the negative 
pole. 

The explanation of the band /9 is obvious. It is the brightest 
of the two green lines in the low-temperature spectrum of 
oxygen. Its wave-length, when seen under a pressure of about 
a millimetre, is 5329; but under higher pressures it widens 
more on the less-refrangible side than towards the blue, and 
may well appeal* as a band with its centre at 5334 or even 5341, 
as given by Vogel. 

I have not been able to obtain this band from atmospheric 
air in vacuum-tubes, although I have tried the experiment 
under various pressures. If the so-called continuous discharge 
is allowed to pass, the band spectrum of nitrogen alone appears ; 
if the disruptive discharge passes, the high temperature spec- 
trum of oxygen is superadded to the line spectrum of nitrogen. 
As regards the two bands a and 7, it does not seem to me to 
be possible at present to decide between the two interpretations 
which I have given. On the one hand, it seems improbable 
that the slight traces of carbonic acid known to exist in the 
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atmosphere should reveal their presence in the spectrum ; but, 
on the other hand, it is to be remarked that oxygen vacuum- 
tubes, which show the band /9, always reveal the slightest trace 
of carbonic oxide. It is exceedingly difficult, though quite 
possible, to obtain the band /9 without the bands a and 7. 
The measurement of S, however uncertain, renders it probable 
that the spectrum of the negative pole in oxygen forms part 
of the spectrum of lightning ; and on the whole I should feel 
inclined to attribute the band a to oxygen. I have shown in 
my paper on the spectrum of oxygen that this spectrum of the 
negative pole is due to an allotropic modification of oxygen 
(possibly ozone), and I have been able to obtain it, though only 
temporarily, in the positive part of the discharge. As regards 
the band 7, I have some difficulty in attributing it to nitrogem 
and still think it probably due to carbonic oxide. During the 
observations I certainly felt convinced that it did not belong 
to the same spectrum as the chief lines of nitrogen, and I made 
a note that, on the contrary, it generally appeared together 
with /9. It seemed sometimes to be present alone, and often 
to form the most prominent part of the whole spectrum. As 
the lines of the capillary part of an oxygen-tube are also 
present at the negative pole, together with the bands distinctive 
of that pole, I can best express my observations on the band 
spectrum of lightning by saying that it resembles in a remark- 
able way the spectrum which is found at the negative pole of 
a vacuum-tube filled with oxygen which is slightly contaminated 
with carbonic oxide. 
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shifting of in different compounds of the same body, 174, 189 
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Barium, comparison of salts of, 179 

compounds of as affected by temperature, 151 
flames coloured green by, 67 
present in solar atmasphere, 244 
spectrum of, 83, 150 
Barrow, observations on the Bessemer flame at, 220 
Bttzendell, Mr., on the variable star of the Northern Cros9, 317 note 
Becquerel, M., on fluorescent bodies, 206 

on infra-red rays, 24 
on phosphorescent vapours, 209 
Beet-root, rubidium found in, 89 
Bence Jones, Dr., on the diff'usion of lithium, 79 

his spectroscopic examination as to the rate of circulation 
of blood, 82 
Benzene^ absorption of most refrangible rays by, 174, 198 
Bessemer flame, Roscoe's examination of, 201 

Dr. Watts's examination of, 215 
process described, 198 
spectrum, changes in, 216 

essentially that of oxide of manganese, 220 
Betelgeux, hydrogen absent from, 312 

recession of from the earth, 332 
Binary stars, their difference of colour, 355 

spectra of, 314 
Bismuth, presence of in Aldebaran, 312 

in solar atmosphere, 245 
Bisulphide of carbon, prisms of, used for high dispersion, 23, 212, 225 
Blood, arterial and venous, spectra of, 191, 194 

rate of circulation of, spectroscopically determined, 82 
Blue colour of ozone, 184 

of sun, 300, 302 
lines of lithium and strontium compared, 148 
rays, chemical action strongest in the, 24 

Newton's experiment as to the refrangibility of, 40 
photograph jr in tha, 28 
spread out m prism-ppectrum, 17 
Bodies when cold absorb the rays they give out when heated, 269 
Bolometer, Professor Langley's, 21 

measurement of rays by, 298, 301 
Bourbonne les Bains, caesium and rubidium in waters of, 89 
Boyle's law referred to, 164 
Brass, compound spectrum of, 117 
Bread, lithium present in, 79 
Brewster, Sir David, atmospheric lines observed by, 185 

his experiments on didymium compounds, 188 
on " internal dispersion," 206 
his theory as to primary colours, 7 
Bright lines in spectra of comets, 411 

of gases, 66, 75 
of metal vapours, 115 
of nebulae, 318, 392, 417 
of stars, 352 
in spectrum of solid erbium, 227, 388 
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Bromides of metals, spectra of, 173 
Bromine, spectroscopic characteristics of, 187 

its spectrum varies with varying pressure, 182 
Brorsen's comet, observations of, 324 

spectrum of, 381 
Bunsen, Professor, on changes in absorption bands, 174 

bis discovery of caesium and rubidium, 87 

his experiments on didymium compounds, 188 

mapping of spectra by, 76, 106 

on the measurement of solar chemical action, 32 

his spectroscope described, 71 

on the spectrum of erbium, 227, 388 

and Kirchhoflf on mode of using the spectroscojie, 103 

and Roscoeon the chemical power of magnesium light, 51 
Bnnsen-bumer used for examining coloured flames, 68 

C. 

Cadmium present in solar atmosphere, 245 
Caesium discovered by Bunsen. 87 
compounds, spectra of, 109 
spectrum of, 75, 89 
Calcium compounds, spectra of compared, 179 

effect of temperature on spectrum of, 150 
flames coloured red by, 67 
present in fixed stars, 312 

in red solar prominences, 253, 263 
in solar atmosphere, 312 
spectrum of, 75, 83 
California, Southern, dryness of climate, 294 
Capella probably receding from the earth, 405 
Capron, Rand, on the rain-band, 186 
Carl)o hydrogen compounds, spectra of, 146 
Carbon burnt out of cast iron by Besseuier process, 198, 201, 221 
experiments as to spectrum of, 382 
fluted spectrnin of. 128 

pos^iible third ppectrum of in Bessemer flame, 219 
piesence of in comets, 324, 327, 382, 413 
in some meteorites, 391, 413 
probable condition of in comets, 386, 390 
vapour of at difftrent heat levels in comets, 414 
Carbonic oxide gas, blue flame of, 70 

peculiar bands of, when in solution in blowl, 194 
Cassiopeiae, y, mcjtion of recession in, 407 

s])ectrum of, 352 
Cast-iron converted into ciist-steel by Bessemer process, 198 
Castor, estimated velocity of recession of, 404, 409 
Cerium, present in solar atmosphere, 245 
Chemical action of light, 24, 32, 52 

produced by rays of all colours, 31, 64 
strongest in the blue rays, 27, 197 
circulation in body, rapidity of, 82 
composition of fixed stars, 309 
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Chemistry, celestial, 240, 306 
Chloride of sodium in atmosphere, 78, 95, 146 
Chlorine, bromine and iodine, spectroscopic distinction between, 187 
condensed, spectrum of, 182 
explosive combination of, with hydrogen, 25, 27 
Chlorophyll, spectrum of alcoholic solution of, 193 
Chromium, its presence in solar atmosphere, 243 

salts, absorption spectra of, 172, 189 
Chromosphere, solar, spectrum of, 277, 283 

storms in, 255, 332 
Ciamician on chlorine, bromine and iodine spectra, 182 

on widening of lines, 158, 161 
Circulation of blood, spectroscopic determination of rate of, 82 
Clark, Alvan, his discovery of companion star to Sirius, 376 
Cloud, solar, of incandescent magnesium, 257 
Clouds in atmosphere of Jupiter and Saturn, 350 
Coal-tar colrurs, identity of, with some madder dyes, 191 
Cobalt oxide, spectrum of, 191 

possible presence of, in solar atmosphere, 244 
sals, shilling of bands in spectrum of, 175, 189 
Coffee, rubidium found in, 89 
Coggia's comet, carbon present in, 327 
Collimator to spectroscope described, 71 
Colorado, study of lightning spectra in, 422 
Colour, Newton's definition of the sense of, 50 
of rays not changed by re-refraction, 48 
result of decomposition of white light, 4 
Colours, complementary, together produce effect of whiteness, 6 

differing wave-lengths of, 8 
Coloured flames, 67 

stars, spectra of, 313 

substances, relation of absorption to radiation in, 268 
vapours, 184 
Colouring matters, absorption bands of, 180 

spectra of, 191 
Comet " 5," 1881, photographic spectrum of, 411 
Brorsen's, spectrum of, 324, 381 
Coggia's, carbon present in, 327 
EncKe's, carbon present in, 327 
Halley's, described, 389, note 390 
Miss Mitchell's, transparency of, 388 
Wells', I., 414 
WinneckeV, 378 

carbon present in, 386 
Comets, colours of, 390 

differing constitution of, 391 
examination of, 324 
formation of tail of, 389 
probable condition of carbon in, 386, 390 
relation between meteors and, 413 
Cometary light partly reflected sunlight, 38n, 413 

possibly due to electric discharges, 416 
Complementary colours, experiments with, 6 
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Compound bodies, spectra of, 129, 138, 145, 172, 178 
Compression of gases, effect of, 165 

Concave surface, gratings ruled on, by Prof. Rowland, 213 
Conflf^jration, solar, possible effect of on the earth, 317 note 
Continuous spectra, generally yielded by solids and liquids, 65, 129 

faint, of luminous gases, 364 
obtainable from flames, 136 
from certain nebulae, 320 
Convection, loss of beat from, 265 
Converter of Bessemer process described, 200 
Copper, green flames produced by, 69 

in solar atmosphere, 245 

spectrum of, 117 
Comu, M., on vapour of unequal temperatures, 244 
Corona, connection of with sun-spot period, 259 

photographs of, 258, 282 

a solar phenomenon, 258 

and zodiacal light, suggested continuity between, 282 
Crewe, Bessemer process at, 216 
Crookes, Mr., discovery of thallium by, 75, 80, 91 
Cruorine, red and purple, 194 
Curves, method of taking, in mapping spectra, 223 
Cyanogen, possibly present in cometary matter, 328, 413 
Cyclones, solar, 255, 332 
Cygni, o, estimated velocity of approach, 406 

/9, spectra of the two stars composing, 310 



D. 

Dark heating rays, 22, 31 

lines and bands of solar spectrum, 35, 122, 231 

in stellar spectra, Fraunhofer as to, 39 
optical effect of, 314 
of vapour spectra, 183 
widening of, in sunspot spectra, 247 
Daylight, ordinary, eclipse work done in, 251, 264 
" Death Valley *' in Southern California described, 294 
Decarbonization of iron, spectroscopic determination of point of, 216 
Decomposition of elements in solar atmosphere, suggested by Mr. Lockyer, 

245 
Definition, loss of, in large spectroscopes, 212 
De la Rue, Mr., his photographs of solar prominences, 249 
Delicacy of spectrum analysis, 76, 94, 102 
Detection of radicals, mode of, 177 
Diamond, phosphorescent spectrum of, 207 
Didymium chloride, spectrum of, 190 

salts, Bunsen's observations on, 174 

elective absorption exercised by, 188 
peculiar spectra of, 228 
Diffraction gratings described, 15 

their object, 212 
of light, 9 
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Direct vision spectroscope described, 195 

Disc, revolving, experiment with as to colours, 6 

viewed by electric spark, 7 
Discontinuous spectrum of incandescent gases, 66 

of red solar prominences, 251 
Ditte on relations of elementary spectra, 181 
Doppler's theory as to the eflfect of motion on light, 329, 355 
Douole stars, differences of colour in, 355 

spectra o^ 310, 314, 407 
Doublets and triplets of lines in certain spectra, 171 
Draco, Dr. Huggins's observations on the nebula in, 317 
Draper on incandescent solids, 65 

on the maximum heating point of the spectrum, 20 
Dry plates. Captain AbneVs, 262 
Dupr^ Dr., on the rate of circulation of blood, 82 
Diirkheim, caesium and rubidium found in waters of, 80, 87 
Dust, constant presence of, in air, 297 



K 

Ear, human, capacity of, for distinguishing sounds, 8 
Earth, distribution of chemical rays on surface of, 33 
length of radius of orbit, 378 
motion of, in space, 375 

motions of certain stars relatively to, 329, 353, 392, 400 
Eclipses of sun, observations of tabulated, 281 

red prominences seen during, 248 
corona photographed during, 258 
spectroscopic discoveries made during, 260, 274 
Electric spark, colour of in Oeissler's tubes, 127, 144 

ffases examined by, 124 
heavy metals volatilized by, 113 
rotating disc viewed by, 7 
spectrum of, 144 

temperature of, unknown, 70, 138 
two spectra shown by, 115, 123 
possible decomposition of, in solar atmosphere, 245 
Element, relation of its spectrum to that of its compounds, 172 
Elements discovered by spectrum analysis, 2 
metallic, spectra of, 113 
non-metallic, spectra of, 123 
relations between spectra of, 113, 181 
terrestrial, present in fixed stars, 313 

sun, 243 
Encke's comet, presence of carbon in, 327 
Enersnr, solar, increase of, according to altitude, 299 
Equfidity between absorption and radiation at like temperatures, 239, 267 

388 
Erbium chloride, spectrum of, 191 

solid, bright lines in spectrum of, 65 rioter 227, 388 
Erhftrd on absorption spectra of chromium salts, 172 
Ether, luminiferous, 7 

F P 
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Ethyl compounds, one band for all, 198 
radicals, mode of detection, 177 
Exchanges, law of, 239, 265 

optical reaction of erbium no exception to, 227 
Explosive combination of chlorine and hydrogen, 25 

F. 

FACULiE on solar surface, 256 

Falsification of wines detected by spectroscopy, 203 

Falwarczny, Dr., lithium detected in blood by, 98, note 3 

Faraday on the material nature of the electric spark, 114 

Ferric ferrocyanide, exceptional spectrum of, 173 

Festing, Lt.-Col., and Capt. Abney, experiments on infra-red rays, 198 

(quoted as to absorption, 175 
Fievez, his map of the solar spectrum, 273 
Fireworks, coloured by chemical substances, 69 
Fixed staiB, motions of, 329, 353, 400 
physical condition of, 313 
spectra of, 308, 341 
Flames, Bessemer, critical aspect of, 200 

certain, continuous spectra given by, 136 
coloured, 67, 85, 140 

of soda salts incapable of chemical action, 28 
of sodium seen black against a larger sodium flame, 236 
solar, observed during eclipse, 248 
Flavo-purpurine, spectrum of, 193 
Fluor spar, phosphorescence of, 206 

spectrum of, 208 
Fluorescence, 205 

Fluorides of metals, exceptional behaviour of, 179 
Fluted band spectra, 128 
Fox-Talbot, Mr., on the spectra of coloured flames, 85 

on metallic spectra, 118 
Frankland and Lockyer, Messrs., on widening of lines, 163 
Fraunhofer, diffraction gratings constructed by, 15 
his lines described, 36, 230 

explained by KirchhoflTs discovery, 243 
his observations on stellar spectra, 39, 310, 339 



G. 

Gallium discovered by M. Lecoq de Boisbaudran, 80, 92 
Galvanism, measurement of heat rays by means of, 21 
Gas, movements of molecules of, 168 
Gases, continuous spectra sometimes yielded by, 129, 136 

effect of compression on, 165 

electric spark seen in different, 124 

incandescent, spectra of, 66, 71, 152 

little heat absorbed or radiated by, 268 

rays absorbed of the same refrangibility as those emitted by, 238 
Gaseous bodies, quality of light emitted by, not affected by temperature, 69 
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Gaseous nature of comets, 324 

of nebula^ 318, 323 
of red prominences, 251 
Gassiot, Mr., his spectroscope, 211 
Geissler's tubes, 124, 127, 144 
Genesis of spectra, Schuster on, 169 

Gladstone, Dr., on spectra of compounds of the same base, 172, 189 
Glass, coloured, selective absorption illustrated by, 269 

colourless, freely absorbs and radiates heat, 266 
does not freely absorb light, 268 

impermeable to rays of highest refrangibility, 123 

refraction of light by, 9 
Glow-worm, phosphorescence of, 210 
Gold apparently not present in solar atmosphere, 244 

ana copper alloy, quantitative analysis of, 138 
Graham, Prof., his experiments on meteoric iron, 413 
Graphite, conversion of, in Bessemer process, 199 
Grating diffraction, described, 15 

use of, 212 
Great Bear, movements of stars in, 332, 409 
Green ray, indivisibility of, 7 

sun, causes of appearance of, 85 
Greenwich, observations on star motions made at, 332 
Grouping of stars into systems, 409 
Guntoor, M. Janssen's eclipse observations at, 252, 275 

H. 

H.£XOOLOBiN and hsematin, 194 

Bailey's comet described, 389 noU 

Haloid compounds, connection between spectral lines and atomic weight 
in, 179 

Harkness, Mr., his discovery of unknown line in corona, 261 

Hartley and Huntington, Messrs., on absorption spectra, 173 

on the ultra-violet rays, 198 

Hasselberg, Dr., experiments on the hydro-carbon spectrum, 417 

Heat, absorbed and radiated, constant balance of, 239, 266 

Heavy metals, spectra of, 113 

Heidelberg, observations on chemical rays at, 54 

Helmholtz and Maxwell, on complementary colours, 6 

Hercules, motion of solar system towards, 331 

HercuUs, a, spectrum of, 313 

Herschel, Sir John, on Halley's comet, 389 note 

on lightmng spectra, 421 
on the nebula m Orion, 321 
on spectra of coloured flames, 85, 140 

Herschel, Sir William, his discovery of the infra-red rays, 19 

on the grouping of stars into systems, 409 

High dispersion of rays, gratings used for, 17, 212 
power spectroscopes, 211 

'* Homogeneal light," Newton's experiments on, 49 

Hnggins, Dr., air spectrum mapped by, 127 

his application of photography to stellar spectra, 315 

F F 2 
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Huggins, Dr., on lunar atmosphere, 306 

on the red prominences, 253 
on spectra of comets, 411, 414 
of metals^ 120 

of nebulae, 317, 322, 392, 417 
of stars, 313, 341, 357 
on spectrum of Mars, 347 
and Dr. Keynolds, on reversed absorption bands of erbium, 228 
Hydrocarbons, Dr. Hasselberg's experiments as to spectrum of, 417 

presence of, in comets, 411 
Swan's investigations as to spectra of, 146 
Hydrochloric acid gas, formation of, 25 
Hydrogen, absent from certain fixed stars, 313 
appearance of, in electric spark, 124 
and chlorine, combination of, 25, 27 
compounds, spectra of, 176 
incandescent, in solar protuberances, 254 

in variable star of Northern Crown, 315 
line C in Bessemer flame affected by weather, 218 
F in nebula of Andromeda, 320 
in spectrum of Sirius, 372 
variation of, in solar spectrum, 278, 332 
in spectra of nebulae, 370 
(h) at high temperatures, 126, 252, 262 
lines, bright, coincidence of, vriih dark solar lines, 126 
in corona, 282 

in star and nebula spectra compared, 420 
variation of, in nebula spectra, 370 
widening of, 136, 157 
in meteoric iron, 413 
present in most fixed stars, 312 
solar storms in, 332 
spectrum described, 125 

I. 

Iceland spar, prism of, 41 1 
Ignition effected by dark rays, 24 

in the blue lays, 26 
Images, retinal, 32 
Incandescent gases, 66 

solids, continuous spectrum of, 65 
vapours of, elements, 71, 151 
Index of spectra, by Dr. Marshall Watts, 121, 123 
Indium discovered by Professors Reich and Richter, 80, 93 

spectrum of, 75 
Infra-red rays, extension of, in Prof. Langley's observations, 301 

their heating power, 19, 24 
phosphorescence destroyed by, 209 
photography of, 24, 197 
Insolation vessel described, 53 n. 
Intensity, solar, measurements of, 19, 52, 298 
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Interference of li^ht, 9 

" Internal dispersion,'* Sir D. Brewster on, 206 
Interpolation formula (i^ven, 224 

Inversion of lines in didymium and erbium spectra, 227 
Iodine, its analogies with bromine and chlorine, 182 
in bisulphide of carbon, as a " ray-filter," 23 
spectroscopic distinction of, 187 
Iron, discovery of coincidence of dark and bright lines of, 240 
meteoric, occlusion of gases in, 413 
presence of, in certain stars, 2, 312 

in sun, 2, 240, 243 
pyrites, presence of thallium in, 80, 92 
Iso-purpurine, spectrum of, 193 

J. 

Janssen, M., on bands of aqueous vapour, 184 

discovery of Fraunhofer's lines in corona, 261 
on the red protuberances, 251, 276 

Johnstone Storey, on harmonic ratios, 170 

Joule, Dr. J. P., on lightning spectra, 421 

Jupiter, observations as to atmosphere in, 307, 350 

K. 

Kelp, presence of lithium in, 97 

Kettle of boiling water photographed in darkness, 31 

Kew Observatory, measurements of solar activity taken at, 32 

Kirchhoff, his discovery as to the dark solar lines, 233, 241 

his historical sketch of spectrum analysis, 140 

spectra of elements mapped by, 120 

his spectroscope, 74, 211 

on substances in the solar atmosphere, 229 

on variations of spectra, 151 

his view as to sun-spots, 256 

and Bunsen on caesium and rubidium, 109 
Kiihne, Professor, on the " visual purple " of the eye, 32 
Kundt, Professor, on absorption bands of colouring matters, 180 

on lightning spectra, 421 

L. 

Laborde, M.. on lightning spectra, 421 

Lamp, monochromatic, introduced by Brewster, 84 

Lamp-black, radiation and absorption in, 266 

Lamy, M., his examination of thallium, 92 

Langley, Professor, his bolometer, 21, 298, 301 

on distribution of heat in solar spectrum, 21 
on radiation as affected by atmosphere, 35 
on solar energy at various altitudes, 299 

heat, 303 
on sunlight, 291 
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Law of Exchanges defined, 239, 265 

optical reaction of erbium no exception to, 227 
Lecoq de Boisbaudran, M., his discovery of gallium, 80, 93 

his map of the mtrogen spectrum, 128, 169 
of the spectra of barium salts, 179 
on relations between elementary spectra, 181 
Lenarto, ^ases in meteoric iron from, 413 
Lens, litluum salts taken vrith food found in the, 82 
Leonis, fi and d, estimated velocity of recession of^ 405 
y, a double star, 407 

its radial and proper motions, 409 
Liebig quoted as to unsupported theories, 187 n. 
Lielegg, Professor, on the Bessemer spectrum, 215 
Ligh^ absorbed, converted into heat, 205 

into molecular motion, 31 
appearance of, when decomposed by diffiraction grating, 15, 212 

by prism, 4, 40, &c. 
of burning magnesium, chemical activity o^ 51 
chemical action of, 24, 32, 52 
coloured, 4, &c. 
cometary, nature of, 386, 413 
decomposition of, Newton on the, 4, 40 
diffraction of, 9 
of electric discharge, 114 
emitted by pases, quality of constant, 66, 69 

mcandesccnt solids, 69 
** homogeneal," Newton's experiments on, 49 
intensity of, as affected by altitude, 299 

measurements of, 27, 33 
interference of, 9 
nature of, 7 
phosphorescent, 206 
refrangibility of, 4, 40, &c. 
undulatory theory of, 7 
variously coloured, in certain stars, 313, 355 
velocity^f, 9, 330, 375 ti., 407 
vibrations of, 169, 329 
waves of, measurements of, 8, 38 
Lightning, spectra of, 420 

yellow sodium line seen in, 127 
Lines affected by pressure, 136, 163 

by temperature, 134, 167 
atmospheric, 185, 306 
bright, characteristic, of gases, 66, 75 

of solid erbium, 65 n., 227, 388 
chromoapheric, catalogue of, 283 
dark, in solar spectrum, 35, 231, 240 

coincidence of, with bright metallic lines, 233, 210 
Fraunhofer'a map of, 36, 230 
long and sliort, 134 
refrangibility of, 158 
reversal (»f, 161, 235, 238 
shifting of, 160 
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Lines, shifting of, Dr. Huggins's conclusions from, 329 
teUuric, 185 

widening? of, 136, 157, 246 
Lippich on molecular changes of gas under pressure, 164 
Lithium band, red, 81 

blue, at high temjperatures, 82, 131 

compared with that of strontium, 148 
spectrum of, 75, 96 
wide distribution of, 97 
Liveing and Dewar, Professors, on carbon spectra, 413 

on the reversibility of long lines, 245 
on sodium vapour as affected by temperature, 164 
on the widening of magnesium lines, 161 
Lockyer, Mr., on decomposition of elements in solar atmosphere, 245 
on the carbon lines of comet spectra, 414 
on the chromosphere, 277 
red prominences seen by him on unobscured sun, 251, 254, 

274, 280 
on reversibility of long lines, 244 
his sectional examination of spectra, 132, 155 
on solar storms, 332 
on the widening of sodium lines, 167 
London atmosphere, corona photographed in, 264 
Low temperature examinations of calcium, &a, 150 

observations, band spectra associated with, 130 
Luminiferous ether, 7 
Luminous gas, modes of obtaining solids in the state of, 71 

paint, 210 
Lunar atmosphere, Dr. Huggins on, 306 
Lyra, Secchi s observations on the annular nebula of, 367 n. 

spectrum of, 315 
Lyras, a, estimated rate of approach, 406 



M. 

Madder root, absorption spectrum of, 191 
Magnesium, burning, chemical rays of, 51 
present in Aldebaran, 312 
solar cloud of, incandescent, 257 
vapour in solar prominences, 336 
widening of lines in, 161 
Manganese, oxide of^ oright lines of Bessemer flame due to, 202, 219, 221 

present in solar atmosphere, 244 
Mapping spectra, Bunsen's method of, 76, 106 

Prof. Stokes's method of, 223 
Maps of atmospheric lines, 185 
metallic spectra, 120 
solar spectrum, 272 
Marine origin ot salt in atmosphere, 78, 95 
Mars, spectrum of, 307, 347 
Marsnoll Watts, Dr., on the Bessemer flame, 202 

his index of spectra, 121, 123 
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Molecular motion, tianslation of light into, 31 

theory of gases, with reference to widening of lines, 164, 168 
vibrations, as affected by chemical combinations, 175 
Monochromatic lamp, introduced by Brewster, 84 

nature of each ray of colour, 7 
Moon, absence of atmosphere in, 306 
corona not connected with, 258 
inequalities of surface of, 350 
^(oonlight, dark lines in spectrum of, 38 
Motion, community of, in groups of stars, 408 

of luminous bodies detected by spectroscope, 248 
molecular, 31, 164, 168 
in solar atmosphere, 332-337 
of stars relatively to the earth, 329, 353, 400 
Mount Whitney, Professor Langley's researches at, 292 
Mountain measurements of solar energy, 299 
Miiller, J., on the displacement of lines, 160 

on the distribution of heat in spectrum, 21 

N. 
Nebula in Andromeda, 320 
Aquarius, 319 
Draco, 317, 363 
Orion, 321, 365 

spectrum of, 392 
Nebulae, gaseous nature of, 318, 370 
observations of, 363 
spectra of, 317, 417 
Nebular theory, bearing of stellar observations on the, 313 
Newton, dark lines of spectrum not observed by, 35 
his discovery oi the frangibility of light, 3 
his " Opticks," extracts from, 40-50 
Nickel probably present in solar atmosphere, 243 
Nitrates, spectra of, 173, 190 
Nitric acid, absorption band of, 173, 190 
Nitrogen, appearance of the electric spark in, 124 
in gaseous nebula, 320, 363, 370, 398 
in lightning spectra, 420, 423 
probable allotropic conditions of, 127, 130 
spectra of, 127, 152 
Nobert, his diffraction gratings, 15 
Non-metallic elements, spectra of, 123 
Northern Crown, variable stars in, 315, 317 n. 
Kotes, musical, audible range of, 8 
Nucleus of comets, growth of the tail from, 389 

0. 

Occlusion of gases in meteoric iron, 413 
Octaves of sound and colour compared, 8, 18 
Olefiant gas, spectrum of, 387, 411 

of carbon as modified by, 324, 383 
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Olive oil, spectrum of carbon as modified by, 324, 382 

Opacity of sodium vapour to sodium flame, 235 

Opaque particles, free radiation and absorption of heat from, 268 

** Opticks," Newton's, extracts from, 40-50 

Optogram obtained on the visual purple, 32 

Orbit, vidue of radius of earth's, 378 

of Sinus, Br. Peters on the, 376, 402 
Organic liquids, colourless, absorption spectra of^ 190 

coloured „ „ 190-197 

"metels," 198 
Orion, great nebula in. Sir J. Herschel on the, 321 

Dr. Huggins on the, 322, 365, 392, 396-400, 417 
spectrum of a in, 310, 312, 352, 402 
Orthoclose, lithium present in, 97 
Overlapping of spectra with difiraction gratings, 16, 213 
Oxide of manganese, bright lines of Bessemer flieune due to, 202, 220, 221 
Oxygen, chaiuzes in spectra of, 152 

its ef^ct in tne examination of organic bodies, 176 

four spectra of, 130 

two line spectra of, 153 

widening of lower temperature lines in, 161 
Oxyhsemoglobin, spectrum of, 194 
Ozone, blue tint oi, 184 

P. 
Paint, luminous, 210 

Pard, Brazil, measurement of solar intensity at, 34 
Parallax, solar value of, 375 n. 
Pegasi, ft hydrogen wanting in spectrum of, 208 
Period of sun-spots, connected with form of corona, 259 
Periodical meteors, diflFering spectra of, in different groups, 416 

orbits of, identical with those of certain comets, 391 
Peters, M., on the proper motion of Sirius, 376, 402 
Phosphate of lime, phosphorescent spectrum of, 208 
Phosphorescence, confined to solids, 385 

connection of, with fluorescence, 206 
destroyed by the infra-red rays, 209 
Phosphorite, phosphoric spectrum of, 208 
Phosphoroscope described, 206 
Photochemistry of the retina, 32 
Photography in the blue rays, 28 

of coiiietary spectra, 328, 411 

of the corona, 258 

extent of solar rays shown by, 18 

by magnesium light, 50 

of nebula spectra, 323, 417 

of planetary spectra, 307, 348 

of red solar protuberances, 248, 253 

in the red rays, 30 

of stellar spectra, 315 

of ultra-violet rays, 197 

of ultra visible rays, 31, 273 
Photosphere, solar, distinguished from chromosphere, 277 
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Phyllocyanine, spectrum of, 193 

Physics, solar, spectroscopic aids to, 229, 248 

Physiology aided by the spectroscope, 83 

Pickering, Mr., his discovery of unknown line in corona, 261 

Planetary ^ctra, 306, 348 

Planets, reflecting p<)wer of, compared, 350 

Plattner, his analysis of the mineral x)ollux, 90 

Plucker and Hittorf, Messrs., on the si>ectrum of nitrogen, 127 

on the vridening of lines, 158 
Poisoning by carbonic oxide, spectroscopic detection of, 194 

by thallium, spectroscopic detection of, 92 
Poles of electric spark, greatest heat at, 134 
Potash, flames coloured violet by, 67 

Potassium, analogy between it and cassium and rubidium, 91, 109 
compounds, spectrum of, 99 
permanganate, absorption bands of, 189, 191 
present m solar atmosphere, 245 
spectrum of, 75 
Pollux, estimated velocity of its approach, 406, 409 
Pollux (mineral), caesium found in, 90 
Pressure, effect or, on spectra of gases, 136, 182 
heightened in nucleus of sun-spot, 246 
a probable cause of widening of lines, 163 
Prism, compound, M. Thollon's, 212 

of Iceland spar, for cometary researches, 411 
of quartz, 123 
of rock salt, 21 
Prisms of bisulphide of carbon, 212, 225 
Procter, Mr., on movements of stars in Great Bear, 332, 409 
Procyon, probably receding from the earth, 405 
Prominences, solar, 248 

daily observations of, 274 
discontinuous spectrum of, 251 
form of, 278 

Piazzi Smvth's measurements of, 273 
photograpny of, 281 
rapid changes in, 335 
Purple film of retina, 32 

Purpurine, spectrum of, differs according to solvent, 193 
Pyntes, iron, presence of thallium in, 80, 92 

Q. 

Quantitative spectrum analysis attempted, 138 

Quantity of incandescent substance as affecting the spectrum, 135 

Quartz, lenses and prisms of, 123, 411 

permeable to rays of high refrangibility, 123 
Quinine, sulphate of, its use in observing ultra-violet rays, 53, 123 

R 

Kadiating laver, spectra of gases influenced by thickness of, 155 
Badiation and absorption, correlation between, 265, 268 
increased by absence of water vapour, 296, 303 
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Bfldiation, Bolar, ob aflected by earth's atmoqilieK, 35, 185, 291 
HadicalB, detection of, 177 

oi^anic, in organic compouads, 198 
Badius of e^th'a orbit, value of, 379 
" Rain-band " described, 185 
Rainbow colonre produced hj priiim, 4 
Ratio, direct, between absorption and radiation, S70 

harmonic, in various spectra, 170 
Ray-filler devised by Dr. Tyndall, 23 
Bays, chemical action of, 24, 31, 52 

dark heating, S2, 31 

fasea absorb such as they emit, S36 
rom heated bodies absorbed by them when cold, 209 
infra-red, heating powers of, 19, 24 

LaDgley4 observationa on, 301 
phosphoieacence destroyed by, 209 
photography of. 24, 147 
intensity of, proportioned to refrangibility, 156 
rtiilexibility of, Tiroportioned to refrangibility, 46 
refriingibility o^ differing, 4, 9, 43 
ultra-violet, 18, 27, 197, 209, 232 
variously coloured, estimated wave-lengths of, 232 
Ray Lanliestet, Prof, on blood colouring matters, 195 
Raylei^h, Lord, on maximum heating rays, 22 
RecesBioD between the earth and various fixed stoiB, 330, 332, 375, 402 

404 
Bed colour of Mars, to what cause due, 349 
heat of solids, light emitted by, 64 
rays, heating power of, 19 

photography in, 30 
stars, 315 

wines falsified liy colouring matters, 203 
Reflected light in comeU, 411, 413 
in the corona, 261 
in planets, 350 
Bcfleiibility of rays, Newton's eiperimenta on, 46 
Refrangibility of light, 9 

Newton's experiments on, 4, 40 
of lines, 158 
ReguluB, estimated velocity of recession of, 404 
Reich and Richtcr, Messrs., indium discovered by, 75, 93 
Belations of elementary spectra, 181 
Reeouance in sound, its analogy in light, 240 
Retina, colour impressions on the, 7 

photograpaic action of light on the, 32 
Reversal of lines, 161, 235, 238 
Reversion spectroscope, Zollner'a, 160 
Eigel, estimated velocity of recession of, 404 
Rocksolt, observations with prism of, 21 

its selective absoi'ption of heat, 268 
Roscoe, Prof,, his actinometer described, 58 

his examination of the Bessemer flame, 215 
and Clifton, on metal vapours as affected by temperature, 148 
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Botating disc, viewed by electric spark, 7 

Bowland, Professor, his diffraction gratings, 15, 213 

Bubia tinctorum, dyes prepared from, superseded by coal-tar colours, 191 

Bubidium discovered by Bunsen, 87 

compounds, spectrum of, 109 

line, widening of, 161 

spectrum of, 75 

wide diffusion of, 89 
Buling of diffraction ^tings, 15 
Bussefl, Prof., on shifting of absorption bands, 175, 189 
Butherfurd, Mr., his diffraction gratings, 15 

his photographs of the solar spectrum, 273 

S. 

Saliva, sodium salts in, 78 

Salt, constant presence of, in atmosphere, 78, 95 

Saturn, cloudy atmosphere of, 350 

spectrum of, 307 
Schuster, Prof., on the changes of spectra, 152, 154 

on the genesis of spectra, 169 
his photographs of corona spectrum, 262 
on tne relation between comets and meteors, 413 
on spectra of lightning, 420 
Sea-water the source of sodium in air, 78, 95 
Secchi, Padre, on stellar spectra, 314 
Selective absorption, 183, 291 

exercised bv the atmosphere, 35, 185, 291, 339 
illustrated by coloured glass, 269 
Selenium, blue flames produced by, 69 
Shifting of absorption oands, 174, 189 

motion a cause of, 329 
Silicates, presence of potash in, 100 
Silicon burnt off in Bessemer process, 199 
Silver, polished, bad as radiator and absorbent, 265 

salts of, decomposed by exposure to light, 27, 32 
spectrum of, 118 

widening of lines in, 161 
Sirius, discovery of compamon star to, 376 

Fraunhofer's examination of light from, 231 
spectrum of, 313, 315, 345, 372 
velocity of recession from the earth, 330, 375, 402 
Smyth, Prof. Piazzi, his measurements of solar spectrum, 273 

on the rain-band, 186 
his large spectroscope, 212 
Soda, flames coloured yellow b^, 67 
Sodium chloride as an antiseptic in the air, 95 

compounds, universcil presence of, 78, 82, 146 
line, its use in measuring stellar spectra, 346, 403 
lines, bright, coincident with dark solar lines D, 233 
xeversal of, 234 
scale of spectroscope adjusted to, 222 
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Sodinm lines, widening oi^ 158, 160 

presence of, in fixed sUrs, 2, 312 

in solar atmosphere, 243 
reaction, delicacy of, 96 
epectrom, 68, 75 

S^ temperature spectrum o^ 131 
ts, spectra of^ 94 
Tapoar, effect of on the hydrocarbon spectnun, 417 

opaqne to the light given by audiom flame, 235 
Solar atmosphere, £BM:iikB in, 256 

presence of known sabatanees in, 229, 240 
temperature of^ 255 
tempestuous motion in, 255, 332 
eneigy as affected by altitade, 299 
flames observed during eclipse, 248 

height oi^ as observed by Lockyer, 254 
heat, 19, 205 

intensity, measurements oi^ 52 
prominences, form o^ 248, 280 

rapid changes in, 335 
spectrum c% 251, 279 
spectrum as observed by Newton, 4, 40 
dark lines in, 35, 231, 240 
maps of^ 272 
system, its motion in space, 331, 408 

rate of motion towards Hercules, 376 
Solids, action of heat on, 64 

incandescent, spectra of^ generally continuous, 65, 129 
Solvents of colouring matters, their various effects, 181 
Sonstadt, Mr. E., on the preparation of magnesium, 52 
Sorby, on spectroscopic evidence of the age of wine, 205 fi. 
Soret on blood spectra, 194 

on spectra of nitric acid and some nitrates, 190 
Sound and light, vibrations of^ compared, 8, 169, 240, 329 
Spark, electric, colour of, in Qeisslers tubes, 127, 144 

Lockyer's examination of^ 132 
nature of, 114 
spectra of, 115, 144 
Spark-holder described, 133, 226 
Spectra, absorption, 174, 184-189 
of alkali metals, 71, 83 
of alloys, 135, 138 

band and line common to nearly all bodies, 130 
of coloured flames, 85, 140 
of colouring matters, 191 
of comets, 324,381,411 
of compounds, 100, 129, 138, 178, 144, 146 
continuous from certain flames, 136 

from heated solids, 65, 129 
of different elements, relations of, 181 
discontinuous, of gases, 66 
of double stars, 310, 314, 407 
of elements as related to those of their compounds. 172 
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Spectra of fixed stars, 39, 231, 310, 313, 338, 352, 402 
fluted band, 128 
of gases, 66, 71 

Bometiines continuous, 129, 136 
genesis of, 169 
of hydrocarbons, 146 
mapping of, 76, 106, 223 
of metflds, 113, 115 

mode of examining, 119 
of meteors, 416 
of nebulae, 317, 319, 396 
of nitrates, 173, 190 
of non-metals, 123 
phosphorescent, 207 
photography of, 197 
of planets, 306, 347 
of radicals, 177 
of solutions of salts, 172 
of sun-spots, 247, 333 
variation of, 135 
Spectrum analysis, as compared with chemical, 101, 109 

early investi^zation concerning, 140 
practical applications of, 198 
principles on which based, 71 
wide scope of, 2 
Spectrum of air, 127 

aldehyde, 177 
alizanne, 193 
alumina, 207 
arragonite, 208 
barium, 83, 150 

compounds, 151 
Bessemer flame, 215 
blood, 191 
brass, 117 
bromine, 187 

compounds, 173 
caesium, 75, 109 
calcium, 75, 83 
carbon, 128, 219 
chlorophyll, 193 
chromium salts, 172, 189 
chromosphere, solar, 277, 283 
cobalt, 191 
copper, 117 
corona, solar, 261 
diamond, 207 
didymium, 174 

salts of, 190 
double stars, 314 
electric spark, 115, 123, 144 
erbium, 141, 227, 388 
ferric ferrocyanide, 173 
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Spectrum of flavo-purpurine, 193 

fluor spar, 208 

hydrogen, 125, 136, 176 

iodine, 187 

iron, 240 

iso-purpurine, 193 

lightning, 420 

lithium, 75, 96 

madder, 191 

magnesium, 161 

moon, 38 

nitrogen, 127 

olefiant gas, 387, 41 1 

oxygen, 130, 152 

oxy haemoglobin, 194 

phosphorite, 208 

phyllocyanine, 193 

potassium, 99 

purpurine, 193 

rubidium, 75, 88 

compounds, 109 

silver, 118, 161 

sodium, 75, 403 

salts of, 94 

spiegeleisen, 203, 220 

spinelle, 208 

strontium, 77, 83, 131 

compounds, 151 

sun, 40, 230 

thallium, 75 

uranium nitrate, 191, 208, 189 ». 

vanadium, 121 

wine, 203 

yttrium, 118, 121 

zinc, 117 

zirconium, 189 n. 
Spectroscope, direct vision, 195 

high power, 210 

mode of using, 103 

various forms of, 71, 117, 222, 341, 357, 393 
Spectrosoopy, historical sketch of, 84 
Speculum metal used for diffraction gratings, 15, 213 
Spiegeleisen, its use in the Bessemer process, 218 
Spinelle, jjhosphorescent spectrum of, 208 
Starlight, its similarity to sunlight, 312 
Stars, binary, 314, 355, 407 

bright lines in spectra of, 352 
coloured, spectra of, 313, 315, 355 
dark lines m spectra of, 39, 231 
displacement of lines in spectra of, 160 
motion of, in space, 331, 353, 400 
spectra of, 306, 338, 371 
systems of, 409 
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Stan, variable, 315, 352 

Steaxn, telluric lines in, 185 

Steel contains less carbon than iron, 198 

Steinheil, his spectroscope described, 72 

Stewart, Prof. Balfonr, on radiation and absorption, 265 

on blood spectra, 194 
Stokes, Professor, on fluorescence, 206 

on lines in the ultra-violet rays, 123, 232 
his measurements of wave-lengths, 223 
on the solar lines D and the sodium lines, 240 
on spectra of colouring matters, 193 
Striated appearance ot electric discharge through gases, 125 
Strontium, lines in spectrum of, 77, 83 

flames coloured crimson by, 67 
spectrum as affected by temperature, 131, 150 
Strove, M. Otto, on the advance of the solar system in space, 376 
Sulphate of thallium, decomposition of, 92 
Sulphides of alkaline earths, luminous, 210 
Sulphur, burning, temperature of, 69 
Sun, blueness of, 300, 302 
corona of, 258 
chromosphere of, 277, 283 
faculsB in atmosphere of, 256 
green, causes of appearance of, 35 
mode of examining special parts of, 246 
photosphere of, 277 
red prominences of, 248 
repulsive action of, on cometary matter, 390 
rotation of, shown by spectrum, 331 
possibly a variable star, 57, 317 w. 
Sunlight, physical properties of, 7 

Professor Langley on, 291 
Sun-spots, connection ot, with corona, 259 

former suppositions concerning, 256 
lowered temperature of, 246 
widening of lines in spectra of, 247 
Swan, Professor, his collimator, 71 

on the sodium spectrum, 146 
on the spectra of hydrocarbons, 146 
Systems of stars, community of motion in, 408 

T. 

Tails of Comets, rapidity of their projection, 390 

transparency of, 388 
Talbot on spectra of coloured flames, 141 
Tartaric acid, lithium obtained from manufactories of, 98 n. 2 
Tea, lithium present in, 79 

Telescope combined with spectroscope by Dr. Huggins, 308 
Telluric lines, 185 

Tellurium, its presence in Aldebaran, 312 
Temperature of electric spark unknown, 70, 138 

Q G 
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Temperature of electric spark highest at the poles, 134 
low, of burning sulphur, 69 
quality of light emitted by gases does not vary according to, 69 

by solids yaries according to, 65, 69 
emissive and absorptive powers equal at the same, 239 
of solar atmosphere, 255 
vapour of certain metals as affected by, 148 
raised by absorption of light, 205 
type of spectrum affected oy, 130, 148, 154 
Terrestrial substances, occurrence of, in solar atmosphere, 243 
Thal^n on wave-lengtiis in metal spectra, 120 
Thallium, discovery of, 91 

spectrum of, 75, 91 
Thames water, lithium present in, 80 
Thermometer, infra-red rays discovered by means of, 19 
Thorpe, Professor, his measurements of tropical chemical rays, 34 
Tilherode, thallium first detected at, 91 
Tobacco, presence of lithium in, 98, 100 

potassium, 100 
rubidium, 89 
Tone as affected by motion, 329 n. 
Transparency of cometary matter, 388 
Tropics, variation of solar chemical intensity in, 34 
Troost and Hautefeuille, comparisons of various spectra, 182 
Twin stars, spectra of, 314, 

variation of colour in, 355 
Tyndall, Professor, on " actinic clouds," 31 

his « ray.filter," 23 

U. 

Ultra-red, see infra-red 
Ultra-violet rays, 18, 197, 232 

absorption lines in, 198, 232, 262 

abundance of, in magnesium light, 51 

bands of carbon spectrum in, 129 
metallic spectra in, 123 

bodies rendered phosphorescent by exposure, 209 

chemical action of, 24, 27, 64 

detection of heating power in, 21 

photography of, 197 
Undulatory theory of light, 7 

of sound, 8 
Uranium nitrate, spectrum of, 191, 208 

in solar atmosphere, 245 
Uranus, spectrum of, 307 
Ursa Major, motions of stars in, 332, 405, 409 
Ursee Majoris, a, estimated velocity of its approach, 407 



V. 



Vacuum-tubes, use of, 124 
Vanadium in solar atmo8})here, 245 
spectrum of, 121 
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Van der Willigen, his spectroscopic experiments, 144 
Vapour, aqueous, bands peculiar to, 1^ 

radiation from earth checked by, 303 
density of, a cause of expansion of lines, 165 
luminous, distinctive of each element, 71 
of magnesium in solar prominences, 336 
of metals, absorption bands in, 188 
of sodium, its effect on the hydrocarbon spectrum, 417 
Vapours, coloured, 184 

colourless, effect of light on, 31 
phosphorescent, 209 
Variable stars, spectra of, 315, 352 

sun possibly one of the, 317 n. 
Variation of spectra, Kirchhoff on, 151 
Vegetables, ruoidium found in, 89 
Velocity of approach and recession in stars, 405 
light waves, 9, 330, 375 n. 407 
of movements in solar atmosphere, 336 
of sun's motion in space, 376 
of vibrations of sound, 8 
Venus, atmosphere of, 306 

dark lines in spectrum of, 38 
Vibrations of light, 7 

and sound compared, 8, 169, 240, 329 
Visual purole of the eye, 32 
Vogel, H. C., on lightning spectra, 421 
on planetary spectra, 306 
on Sirius, 402 

and Dr. Miller, their map of solar spectrum, 273 
Volatility of substances, varying rate of, 83, 100, 1 18 
Volatilization of the heavy metals, 113 



W. 

Watts, Dr. Marshall, on the Bessemer flame, 219 

on high temperature sodium lines, 131 
Waves of light measured, 38 
Wave-lengths of light and sound compared, 8 

of lines, how ascertained, 222 
in metal spectra, 120 
Weather as affecting hydrogen line in Bessemer spectrum, 218 
Wheal Clifford mine, lithium in waters of, 79 
Wheatstone, Sir Charles, on metal spectra, 115 
his spectroscopic experiments, 144 
White heat of solids, all rays of light given off by, 65 
light, Newton on the decomposition of, 3 
paper freely absorbs and radiates heat, 266 

does not freely absorb light, 268 
stars, 313, 314 
Whiteness, effect of, produced by mixing complementary colours, 6 

Newton's experiments as to, 47 
Whitney, Mount, U.S. reserved for scientific purposes, 302 
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Widening of lines, Angstrom quoted as to, 157 

in hydrogen spectrum, 136, 157 
in spectrum of mercury^ 159 
possible causes of^ 162-167 
in sun-spot spectra, 247 

"Wine, presence of lithium in, 79 

spectroscopic examination of, 203 

Winnecke's comet, 324, 378 

WoUaston, Dr., dark lines of solar spectrum observed by, 35 

on the electric spark, 114 

Wrieht, Professor, on the composition of stony meteorites, 413 

WiiUner, on widening of lines under pressure, 158 

Y. 

TouNG, Professor C. A., on chromospheric lines, 283 

on displacement of solar lines, 334 

on ligntning spectra, 421 

on movements in solar atmosphere, 336 

on sun-spot spectra, 247 

on unknown line in corona spectrum, 261 
Yttrium spectroscopically distinguished from erbium, 118 
Yucatan, photography difficult in, 34 



Z. 

Zinc blende, p;allium discovered in, 93 

mdium discovered in, 80, 93 
lines, various lengths of, 134 
in solar atmosphere, 244 
spectrum of, 117 
Zircomum, spectrum of, 189 n. 

Zodiacal light and corona, continuity between, suggested, 282 
Zollner, M., on changes in intensity dependent on quantity, 157 
his drawings of the red protuberances, 254 
his measurements of star motions, 331 
on widening of sodium lines, 160 
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